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NATIORAL RESEARCH COUNCIL

2101 constitution Avenue, ashinston, D. C.
Division of Anthropology and Psychology R

Comnlttes on Selection end Training of Alreraft Pllots
Novamber 18, 1943

Dr. Desn R. Brimhall

Dirsgtor of Ressarch
Civil neronsuties Administration
Washington, D. C, '

Dear Dr. Erimhall:

Attoched 13 a report entitled An Anslysis of Graphig Resords
of Pilot Performange Obtained by Meuns of the R-3 Ride Recorder by
M. 5. Viteles end Oscar Backsirom, Jr. This is submitted by the Cum-
mitteoe on Selection nand Training of Alreraft Pilote with the recommanda-
tion that 1t be inecluded in the serles of technical reports isausd by
the Division of Research, Civil Asronautics Administretlon.

The report refleots the interast of the Commibtes on Seleetion . =
end Training of aslreraft Pilots in arriving at objective and reliabtle i
measuras of pilot performanse. It is significant to note that ewailabie
canmarclial flight resording instruments were nov negleoted in this ssareh

for edequate ocriteria, Although the study described ir the report was
oonfined to a relatively mmall number of casss, the results serve to -
indicate the mamnsr in whioh £light recording instruments ¢an be usad '
both in the field, ir connsotion with flight training, and in facillitat-

ing research in nvistjon paychology.

ar -l

Cardielly yours,
Morris 3. Vitoles, Chairman
Gommittee on Selegtion and

Treining of Airoraft Pilots
Hational Research Counoil
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EDITORIAL FOR:ZWARD

In the search for objective meagures of pilot efficlemcy the atiention
of the Committee on 3election and Treining of Alroraft Pllote was early
direatsd towards instruments, alread; 1n exlstencs, designed to record
graphioally plane performance and zonirol movements, Whille such flight re=
sorders, inoluding the Friez Anelyzer and the R~3 Ride Recorder; were inten=
ded primerily for use in investigating ths influence of deslgn on plane
performance, it nevertheleas meemed that they might also serve a useful
purpose in the evaluation of flight performance in peychologicel exzperi-
mentation, These instruments were therefore procured and subjected to
experimental study at Tulane University, under the direction of Dr. H. M,
Johnson) at Harvard University, by Dr. R.A. McFarland and Dr. 4.H. Holwayy
at the University of Maryland, by Dr. J.G. Jenkins and Dr. R.M, Bellowsj}
at the University of Pennsylvania; by Dr, ¥.5. Viteleas and Mr. (. Backstrom,
Jr.

The purpose of the ilnvestipation conducted at the University of Penn=
sylvania waep to make an extsnsive and detslled gualitative and quantlistive
analysis of the charaoteriatics of rogords ohtained with ons commercial
instrument, the R=5 Ride Recorder, and of ths usefulness of such records
in providing objective indices of pilot proficiency. The etudy was desigrad,
alsoy t0 uncover the limitations of the commersial reoorders with the view
of srriving at specifications for an improved recorder providing mere satisg=
factory measurements of pllot proficiency «f the type requlred in pmsychologi=-
cal experimentatlon.

The report on the investigntion at the University of Pennsylvania is
preasnted in two asctions. Part 1, whioh followas; desoribes ths ocunditions
under which grephic records were obtained and presents an analysis of gquall~
totive techniques for the evaluation of such records in the aumseassment of
pllot proficiency. Methods used in the experiment are desuribved in great
detaill eo ap to provide, in & sense, a basic manual for the treatmeat and
interpretetion of records obtmined not only with the R-5 Ride Recorder,; but
of those proocured through the use of similar instruments,

Part I1, to be published at a later date, will praseat a repert on the
guanﬁitativa analyeis of the graphio records obtained through the use of the
R=§ Ride Recorder. There will also zppear, in a later report, a descriptien
of an improved flight reocorder dsvelepad, in larpe part, from an anslysis of
the date and the charaocteristics, adveniapges and limitations of commercial
reasording instrumente gethered in the course of the investipgation oconduoted
at the Unlverasity of Pennsylvanisa,
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PREFACE

One major objective in the research program of the Committee on Selection
and Training of Aircraft Pilots has been the development of methods for objec-
tively evaluating the pilet's performance. Research at the Univerasity of
Ponngylvania has been coentered upon tnis problem, with particular referense
to the use of instruments capable of providing objective records of pllota?®
axill in handling a plane,

Two methods of ob jective racording of flight performance have bsen studied:

1. The graphic method, by msans of a flizht recorder which records the
affect of acaolerationa upon mMaAses whioh are free to move in re-
stricted planes, and

2. The photographlo method, by means of motion photography of flight
ingtruments and a contrel movement recorder.

The outoomes of research involvinz the use of photegraphie methada ra-
cording of pilet reaponags of plane attituds are described elsewhera.
pregent report is conocerned with studies invelving the application of graphie
methods in evaluating pllot perfermanee,

Graphic recording of flights ig not a novel precedurs. As early as 1914
German investigators rocorded load factors occurring in various maneuvere for
the purposes of guiding airplane daaign,Z in the early 1920%s, the Army Alr
Corpe of the United Statss and the National Advisory Committee for Aeronauties
conducted numerous flight teste with speclally developed instruments, the re-
sults of which are presented in NAGA Technlcal Reports and Technical Notes
for those yeara. Similar research ma undertaken in Cermany and in Great
Britain.2 Hore recently, in the United States, over 20,000 hours of airline
trasgport flying were rocorded by means of the Naticnal Adviecry Committee
for Aesronautlos V-g Recorder with a view of obtaining data concerning loads
impossd by gusts in normel commoreial flying operations.s

In the cage of all such research, howsver, attention has been cemtered
upon the pasrformance of the alrplane, and the emphasis has been upon airplane

lyiteles, M. $. and Thompson, A. S. The Use of Standard Flights and
Motion Photography in the Anelysia of Alrcraft Pilot Performance. Washington,
D. G.1 C.A.,A. Division of Researsh, Report No. 3 May, 1943.

2

See especially Technical Reporis Nos, 99 and 100, for the year 1921, No.
163 for the year 1923, and io 203 for the year 1925, and Dechnical lNotes Noa.
64, 97, 112, 117, and 154. Similar research conduct.d in ¢ Garmany is reportad

in the Ze itzchrift fur Fluctechnik und Lotorluftesschiffahrt {(Munleh and Berlim),

Studies conducted in Great Britzin are deseribed in the Aeronauticanl Hessearch

Committze Raporte and liemoranda (London) for the year 1953;1?30u

3This program is reviewed in: Rhode, R. V., Guet Loads on .irplanes,
REY. A Ny Journal, ‘HarCh, 19370
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design. In contrast, the emyhasis of the present lnveatigation 1§ upon the

‘performance of the pllot with the viev of arriving at an objuctive appraisal

of pilot profiolency.

In undertaking an analysies of the usefulness of graphiec rooords in evalue~
ating pilot performance, it was immediately recognized that such a record could
not supply all of the data needed for a complote appralsal of the pilot. As has
been pointed out by J. G. Jonkins, Lt. Odr., H(V)=5, USiR, "excellent performance
in flyinzt implies far more than the coordination of oomtrol movement in says that
would produce an aerodynamically correc:; pitiorn inm the moitions of the airplane,
It implies juwdgnent as resz:irds 4o climbing and orlentation of maneuversj it im-
plies a coniinuing awarencss of the behavior of other alrplanece ia the vicinlty;
it implies a knowledze of an attitude of respect for highly necessary rogula-
tions in rezard to flying; and, fisally, it implies cortain facilitiea of attltudes
and enmotlonal reactions during a vardety of flight sltuations.”

In other words, a satisfactory performance as a2 pilot lavolves a balanced

combination of judmpent, gkill, and omotiopal atability under the conditions of
flight, The graphic recorder supplles, essontially, only an evaluation of the

gkill of the pilot in eonforming to tho smerodynande reguiremanta of the pre=
soribed manesuvera ineluded ia n flizht test situntion.,” So, for exanplet=

l. Graphioc records canmot shov shether the pilot followed the intended
or presoribed path relative to the gsround,

2. Oraphio regords cammot show howx the pilot roacted in the nultitude
of situations where judement is of prime importance. They do not,

" for instange, reveal vhether :ho pilot, before taking off, made sure
that the airplano had boea given a line inepectiong whoethor he checked
his masolino supply; or vhether he adjusied his parachute strape
properly. In the &ll-important matter of conduct in traf ic, graphic
records are uselssp for informinsy the interpreier as to Lho safety
with vhieh ths pilot handled the airplane. Graphic records cannot
show whother the pllot avolded flylng ovor restricted areas, or
whether, in performing acrobatics, he flew ovaer an area where such
- flying ias prohibited, etc, -

3. GQraphiec recories supply no informetion about other characteristics
whioh have a bearing on the success of the pilet, particularly in
the military situation. For oxauple, if the pilot is an aviation
cadet in training for an officer's commiaglon, the dezroe to whioh
he possosgos officer-like gqualifiocations must enter imto his over-all
morit as a military pilot. Oraphie rocorde of flizht performanos do
not supply date whlch contribute to ihe assesament of suoh tralts,

Items ouch as those wmontioned in the precoding parazraphs muat be ovaluatod

‘From a letter by J. G. Jonkina, Lt. Odr,, H{V)=S, USNR, dated 2/6/43.

51# is to be noted that limitations which apply to ;raphio records also
apply, althouzh not to the samo extent, to photoarashie records of flizht per-
formance. A consideration of this problem is to ve found in the report by
M. S. Viteles and A. S. Thompson, op. oit.
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by other, possibly subjective techniques. The graphic method is ilncomplete
insofar as it omits them. It is safe to say, however, thai an acoeptable pilad
must be abls to execute skillfully a series of prescribed mansuvers appropriate
for the task for whioh he is training. He must be able to mske the airplane do
what he intendes it to do or what he is imstructed %o make it do. On the basils
of the evidenoce acoumulated in this study, 1t may be stated that graphlc reocords
supply data which oan be employed in the assessment of euch proficiency. In
other words, the flight recorder can be employed to furnish objective data for
the evaluation of flying skill =~ to substitute objective recordings for sub-
jective eptimates of this imnortant elemant is a complete oriterion of flight
performance.

The study described im thip report ropregents an attempt to determine the
rellability of assessmente of fli:ht performance, bnged upon objective rocorda
cbtaired throush the use of the R~3 Flight Recordar.® The study is exploratory
in charactor, and is devoted to an intensive evaluation of the grajhie recording
technique rather than to a survey of ths erntire field of praphie recording. The
inveptipation is actually limited to an aralysis of only ons maneuver == the 720
power turn,! However, the failure to include other mansuvers is no indieation
that such other maneuvers do not lend Shemsclves to the same type of analysis.
A9 a mettor of fact, thers 1g overy reasson 50 bellave that prac:ically all of
the mapeuvers inocluded in the elemeniary flisht training program can bte treated
17) the same manner to produce rssults of 'nterest and slznifiecanso equal to
these resulting fron the investlsation of the 720° power turn, provided that a
eompletely adequate flisht reccrder ig avallabla,

In this etudy, the graphie recorder waa initiaslly view:d chiefly as a
pourcs of criterion data, Howsver, as the investlzation has progressod, 1t has
become inereasintly apparent that a suitably designed graphic recorder mey
prove to bz an extremely useful aid to trnining. An inetrument providingz re-
cords of control movementa, as 761l es of alrplane attitudes, can undoubtedly
be uged to adventage in demonstrating to student pilots, and also to instruo-
torg, ersors in handling the controls and resulting faults ir fliht perfor-
mBANCS .

It 18 quite possible that the graphis recording technique may ultimately
have more practleal valuo 1n thle field than ag a means of obtaining objesctive

GPart I ip limlted to the evaluation of flight raecrding through the use

of qualitative methods. In Part II will bde presented a detalled discussion of
quantitative techniquea in the evaluntien of flight records,

7The sbudy 1s also limited to am oxploration of the consistensy of evalu~
ationg by & sinzle experiwentsr. The reliability of evaluailon by multiple
raters remalne to be investipnted.

BSuch a recorder hms beon constructod on the basla of spocificatlons for-
milated by li. 3. Vitelss,; Ogear Backstrom; Jr., and J. G. Jenkins largely on the
bagls of the findinga of this study: This flight recorder, built at the lisssa-~
shugetts Institute of Techrolozy, will bs deseribed in & subeequent report.
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- eritorion data in the expsrimental situation. Fer example, records of control

movenentes mey be uased to polnt out o a student his faulta in "ridini® the rudder;
in failing to uze onough rudder; in faulty oocrdination beiween mlleron and rudder
in turna, etc. "Mith the ald of flisht records, it can be olearly and unequivoeally
demonatrated to the student that when he failed to uge enoush rudder into a turn,
he 2lippsd extensivelyj when he used tco mueh rudder, he skidded extensively;
when his rudder adjustment was approximately correcet, he entorsd the turn in la-
teral balance, or with at moet a slight silp or pkid, and so on., At the same
time, corrsot adjustments may be demonstrated in a particularly lmpressive manner
if instructor and student alternate in performing a given maneuvor, Graphic re-
eording hus a partiocular advantaze for sueh purposes, in thaet the eutomatically
regloterad racords may be inepected immediately upon completlion of the flizht.
Suoh considerations accentuate the dseirability of further conelderation of
graphio recording technlques in futurs inwestlisaticns concermed with ths naturs
and development of pilot skill.

In presenting thie report it should be pointod out that it ie the ocutcoms
of collaborative effort. H, M. Johnson and Perecy . Cobb, Tulane University,
supervised the collection of zrashie records at the New Qrleans Airport, and
contributed much in the way of sugreaiions wilth respect to the treatment of
rooorde, Vidkunn Coucheron -~ Jarl asglatsd in the ocollesction and identifica=
tion of the records. The statistical treacment of Part I of this report wme
checkad by Lalcolm G, Preston, University of Pennayxvania. The report was
reviewsd for publloation by J. G. Jenkins, Lt. Coumander, USHR, Paychcloglcal
Section, Aviation Medicine Divislon, Bureau of lUedioino and Surgery, and by
David L. Webgter, Chief Physlclst, Ballistice laboratory, Aberdeen Proving
Cround, Haryland. The latter gave partiocular conslderation to the treatment
of asrodynarmio concepts.

University of Pennsylvania Borrle S. Viteles
Philadalphie, Fa.

Oscar Backetrom, Jr.
September 1, 1943




xi

CONTENTS

Editorial Foreword o « ¢« 2 o « o o o v 5 o % o 2 o o o s s o o 5
Profans . o = « o 4 o ¢ o 0 2 &« s + v s 5 = s v & s 4 s s w s b .
SUMBATT &+ 4 o + s o =« s 8 & = & « & &« & G v o s s e s v s o+ s b w
Section A: The Rellability and Valldity of Qualitative Technigques

for the Evaluation of Flight Performanses . . « « &+ o o &« « v =

Introduction:

ObJectives in Analyzing CGraphic Reocords of Data Pertalning

to?light&ttitudo.a..........--.o-.e.
Graphlic Recorde ae & Source of Criterion Deta . . . .« + &
Desoription of the R-5 Ride Recorder and Records
The Chart mnd Chart Traces « « « o = « = s ¢ o o
The Approach of thie Investigation . « + « » . &
Difficulties in Arriving at Quantitative Data . . .
Quantitative and Qualitative Aspscts of the Investigation .,

The Sample Qualitutive Anslysims
Ob_jaotniv&g » 8 ® ® e ® 4 8 @ e @ b B &+ ®W P O & W ® B OV & ® W
Deﬂim and P"OUedun & % ¢ &4 B & ¢ 4L W% & &4 ® 8 F e &8 © GO & @

. 4+ @ @

A Discussion of the Methods of Rating Performances, Diffiocultiea

Making Readings, and Flawe in the Procedure . . . + « .
Bages of Rabdng . ¢ . ¢« ¢ 2 ¢ + ¢ o o =« ¢ o 3 ¢ o » &
&4 Consistent Error in making the Qualitative Ratings
Outstanding Dl fficultlies in Arriving at Ratlnge
Pospible Bismses in Making Readinge and Ratings .
Relation Betiwaen the Two Rating Methode . . . .
Rosultsd < o o o o o o = o ©c & o« o« 2 s 2 s« » ¢ s o «
Expleanation of Gode Numbers employed in labellng
Statiptioal Treatment . + o o« o o o o ¢« & & « W
Presentation of the RBeaults . . & « o+ 4 ¢ 2 o &+ o o
Suggestions on the Applisatlon of the GQualitative Approach
in the Pleald o o o ¢ « s ¢ s » = 2 &« o o 2 s s o ¢ s & v o
Introductlon....-.....n--...-..-.e
Practicability of Qumlitative Methods Used in This Study .

a ® 5 2 e
a & & o ¢ @
2 @ o & & & @

»

Steps taken to Facilitete the Establiepbment of Qualitative

Rating Proosdures in the Fioeld . + « &« & & 5 o 4 2 & &
Prefage to Flates la, Ib, II, I1i; and IVa-IV¥] . +. + & « .+ &
Plateas Iﬂ| Ib' II’ III’ I?ﬂ."l?d, and ¥V + o ¢ ¢ o o & 1 @

Appendix At Qualitetive Study Protocels for Flates la=1V§ . .

Appendix Bs A Proposed Manusl for the Uss of R-3 Rlde Recorder
Pecords in Evalusting Performances of Rlght T20°

L]

4

£ © £ & a & L @

Power Tl]rm a (-] L] ] - a L] L a A & - L] - @ L] L ] L] L] L] &

Appendix Gs Investigation of the Possible Differoncss im Over-all

Quelitative Ratings 1f *Proper®Bank, rather than
Erroneous Actual Bank, had beon uaed in Deriving
leitatiVBBmkItemss.e.--..oco---

Appondix Dy The Influence of Posaible Bimsea in making Readings

and ht ingﬂ @ - L] L - » L] - L] L L] L3 * L] L] L] - L] L] L] -]

Page
vii
xfit

xvii

59

&

101

107



b

F

BT e T Lt P 3 RPN TSR sy a8 i G st g T

$

Ao

xif
GONTENTS (Continued)

k.
b

Appendix Es Reasons for Discarding ihe Data of the Ohlo State
Check ilists filled in by the Adminlesiering Instructer
during the Standard Flight Session . . « ¢ « ¢ = « & &

Lxhibit I: Summary of the Graphic Resurdo Frogram carried out at
Tulane Univeraity under the Direction of H. M. Johnson

Section Bt Supplemental Report = The Capabllitles and Deficienoies of
the A~3 Ride Recorder and the Friexz Cable Control Recorder , . ., . .

The R-3 Ride Reoorder:
The Load Faotor Trace . . . + + ¢+ v ¢ o » o ¢ s s s 4 & s » = &
Use of the load Faotor Trace to Supply Information Absut
Bank in Horizontal Turne . + « « s + = s s s ¢ » = o &
Utility of "Proper™ Bank as an Indicator of Pilot Skill
Effects or the Record of Hitting the Prop-wash ... . . .
Accurucy of the Accelerometer {(Load Factor Indicator) .

Use of the Static Calibration to Derive Valuse of Load
rﬂotorfromthechﬂﬂ s ® * & % % ® 8 & s @ W B 8 m B W =
Policy Followed in thim Study with Regard to Acouraoy
of the Accelarometer . . ¢ ¢ o « ¢ » ¢« & » » s o ¢
The Tateral Tuwbalance Traces . . . + = & s o o o = s &
The Calibration of the Ilateral Imbelance Pendulymsy ,
Difficulty in Reading the lateral Imbalanee Tracee .
The Pltch-and-Longltudinal-Acosleratlon Trace . « « ¢ »
Trages for Recording Comtrol Movements . . « + + ¢+ + « &

a & » = & 0 4
" * =3 & 8 = @

Deficlencies of a Different Type « « ¢« « ¢« 4 ¢« « o o &
Recommendations for the Use of the R-5 Ride Reocorder .

- o

The Friex Cable Control Recorder:
Description of the Fries Cable Control Reocorder and Chart . . .

O“t‘tandingmfiﬂienoiaﬂonb....--n.----o.ooo
Recommendations for Use of the Friez Cmble Control Recorder . .

Construotion of anm Improved Oraphioc Regorder . . . « . + 4 & « & &

Appendix A: Memorandum to tho Executive Subcommities of the
Committee on Selection and Training of Airoraft
Pllota concerning Specifications for an Improved
Graphic Reoorder . . « + = ¢ » o ¢ 2 a o 5 s s 8 o & «

Ll -3 ° - [a] > » >

Pags

113

117

153

157

159
166
168
171

117

178
179
179
189
1689
190
192
192

201
201
204

205

207



xiid
SREARY

1. Performanse during a ectsndard flight flown three times cash by 28
pilets of various lsvels of flying experlence was recorded graphioslly by
maans of the B-3 Bide Recorder. The resords of the right 7209 power turn
woers gvelsoted for an intensive amalysis in order {os

a. provide detailled informsiion conceraing the interpretetion of
the Sracesi

b develop and evaiwate methoda for the qualitetive snalysis of
£light perfomancs through an examinaiion of the graphio ro- .
gorda,. !

2. The R=5 Rids Rscorder ueed in this inveetigation records flight
attitude efi'ects by moans of a welght-and-spring soscelercuster mount ed in
the airplane vertical, two peaduluma free to move only ir the alrplane
jaterel, and ons pendulum free to move only im the airplane longitudinel.
in interaive physical and esrodynenical study of the imstrument reyealed
the followiag information relative teo imberpretetion of the traces in re-
cordns

a. The lateral imbalanse peadulums are anslogous 10 the ball of &
stendard bell bank indicater and thus pruvide data as to the
slipping or skidding characterilstica of the flight. The exaob
angle of slip or skid, howsver, cannut be determlned from the
lateral imbalance tracss,

bo The icud faoter irase (zade by the accelerometer mounted ia the
airplans veriical) provides data as to the asgle of rproper®
bank when the readings ere converted from umits of g (gravity)
e hank angle®o

8, The remaining tiace (pitchaaudﬂlongitudin&l»aauwleraticn) i
#quivooal sineo the pendulum is affected both by lomgliudinal
acceleration and by changse in pitoh. The seperate effact of
cach cannot be lssleted.

3. Two methods of qualitative anzlysis of the regurdz were devised: ond;
by means of a Data Shest, reswlied in a dstailed resord of obpervations and
rough quantifioatione of the tracesj the other, by means of a Gemeral Degorip-
tion Sheet, resulted in a freely running dsgerintion and %elinlcal" evaluation
of the records. 1In addition, both methods resulted im an over=all rating of
the exoellense of the mansuver as o whole, based upon 7 aspecis of the per~

formences referrins to bank and leteral balance.

3eparste reaidinzs ere made of the records of the right 720° powar turns
as parformed by the 28 subjects durinz the latter two of the three standard
flizhta flomn. cach record was rated usinzg both methods of analysis and, in
addition, one ast »f r.cor s rag re-rated by each method. The recoris vere
riven code numbers and re-coded eauch time o as to reduce recognition or
identificution of iadividual records.
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4, The disgtributions of aver=all ratings resuliing from the resadings
wers then compsred with each other and with extornel oriterls to provids in-
formation as to the reliability of the methods, the comparabililiy of ithe
methods, and the relationship betwesn the_ratinge and other memsures of pilot
skill, Values of p were obtained from ¥, and oontingenocy cvefficleitis wore
oomputed in order to determine the significance and extent of the assocliation
bstween the varicus sots of data.

5. Analysis of the resulting p veluee and contingency cosfficlemis (pre-

sented in Tables 2 to %) end an avaluation of the experimental procedures ussd
resulted 1n the follow conolusionszt

a. The two methods of rating (Datm Sheet and Gensra)l Desori
Sheet ) wers found to give comparible resuits as svlidenced by the
significant and high degres of association betwesn tiw se¢ts of ra~
tinge obteined by the two methods.

In practice, the two methode, origlnally concelved to differ ia
amount of detail, were found to appromak eeach other as to amount
of detall obsarved and to differ chlaefly in methad of raecording.
As such, they are anelogous to alteraate forme of 2 test.

Since the method underlying tke General Description Sheot la less
time-oonsuming and 1s essentislly a "elinlcal™ evalusation, solect-
ing the salient featuree of the record, this method would seen

preferabls to the more controlled and slaborais Data Shest method,

b, A signifiecant and falrly high degree of assoolation mas found be=
twoen ths ratings obtained durimg firset and repost readinga by tho
same mothod of reting. This sssociation, however, osnnot be offsrad
as final proof of ths test-retsat reliabllity of the rating methoda
sinoe it is affected by a number of cases of reocgnition of indi~

" vidual records due to growing familiarity with t{he recarde,

The assoolation hetween the ratings by the iwo methode, howsver,

oan bes oonsidered as svldonce in favar of satlsfsotory relliablility
of the ratings sinoe the methods turned out to be sssentisnlly squiv-
alent forms.

¢, Two types of velidity are of importanes in this study:

(1) the validity of the ratings se desoriptive of the recorded
flight performence; and

(2) the validity of the ratings as ropresentative of levels of
oyer -all pilot proficiemsy.

(s) The firgt type of validity may be agsumed (limited, of
ocourss, to those mepectas of the performance whioh are
aocurately recorded by the R-3 Ride Recordar), Sinoe
the traces are an objective record of attitude effestg .



during flizht, the ratlings based upon those itraces (if
reliabls) are themselvea criterion data, repressnting
ralative degrsss of excellence of performance as com=
parad sith an “ideal” perforuance in terms »f aerody-
namic pringiples. Since there i some evidence as ts
their reliability, the ratings c¢an be considered wvalid
descriptiena of those aspects of flitht performaace re-
corded by ths truecings,

{v) Tae validity of the ratinrms as reprasgentative of over-
all pilot proficiennoy vaw detcrmined by comparing ths
ratinza with external oriteria obtained by clussifylng
the 28 aubjects into zroups according to pilot status.
Pilot S5tatus clmsasifieetlens were baged upon license
status {atudent, private pllot, er inetructor) and
amount of flylnz tiws in the testilng airplane used
durinz the stindard fli-hta.

The sasoclation obtained durintg these comparigons

(Table 6) was not fcund to be atatistically siznificant,
The fact that ths various continzency ceefficients are
zonalstently posritive, hosever, suggests that thers may
actually exist significant relationship between the ra-
tings and over-all flizht preficlency.

6. 4 methed is susgested for the use of pattarn scalee by in-
structers in the fleld in the gqualititive svuluetion of graphic records
of pliet performance.
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During the ppring end ewmmer of 1930, tvo graghls reeeiders wore
employsd at Tulsme Univeraity inm meking simulianseus recerds of wmirpleane
attitude effocts and conirel movements during flight., The R~f Ride Re-
corder vos emploved 4o cbtaln resurde of data perialuing %e¢ f1ight miditudsy
the Fries Csble Control Recorder was smployed to obtain records of coabrol
movements, Records obisimed im the courme of thls luvestigation inciudsd
thome of 28 pilois who flew preseribsd standscd fiights Lhree Limes.”

The procedure used in stiaining reaords e dosoribed inm EZxhilas I, ebstrag-
ted from a Progrsss Report detsd Scptamber 1, 1940, submittied iy H. B, Johm<
aony Tulene Univereity, $o the Commltisse on Ssleelilion and Tralnisg of Aly~
eraft Pilots,

ObJeotives in Analyzing Orrphio Records of Data Porfeining to Flight Atbiteds

In Janusry of 1941, the ressorce oblalned at Tulene Univsraity wers hrought
to the University of Penneylvanis for emalysis. Thip transfer wae mads with
n view to determining the vssfulueass of graphie recorderg c¢f the typs raprs-
pentad by ths R=~5 imstrument in oMaining resgrds of airplane attituvde sflzole,
and comparing the advanieges erd dipadvartagss of sush resords wilh those of
recsords obteinsd by means of photegraphlo techaiques.

Since the primsry interest of ths Faunsyivanis group wea that of ebiain-
ing records of the sttiftuds of the airplans duriwe flight for compariscn with
pinvlianeous phatographlc records of sonmbrol moversmbe; attention wea asrersd
upon ths study of those portiona of ths R-5 Ride Resorder records periaining
to f£light attituds. Ths present ropart dealss; iu tho madn, with the qualita-
tive anslysis of these racorde,

Graphic Recorda ne o Source of Oriteriep Deta

The importanoe whish citzchss Lo reverds of airplens attitude im investii-
gations of pilet skill aripes from thair possible utilldly im supplying objec~
tive eriterion dete., If, during {Aight, i were posslble Lo record acourately
the position of emch uxls of ths airpluns with respost to carth herisoaial and
earth vertilcal, the history of ths 2onstliuent mansuversz cowld be resonstrus-
ted end analyszed into mechanlsal desoripulive components. Such an analyesis and
dzacriptiorn would be entirely cbleotive.

It 45 obvious that simply {0 mnaly:us a performnss of & mansuver into ito
mechanical desoriptive ocmponenta will tell only hoy ths mRnsuver was parformed
and not hew well., In order io arrivo st & stautsment of the merit of e pw-
formance, it 1s necessary to know uvot only what thoss desorlptive components
are, but aleso what they should be. Iin other vords, it 1s necossary to Riew
not only what the pilot cauged the airclisne to dor Lut sleo what he Ilntended
it to do, or what he was told to makz it do, Unlucs both typea of informeiion

15

oo pages 124=12(, inglusive, Exhibit I.
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ere given, it is lmposeible to sppraise the merit of the subject's performance.

Of the latter type of informtion, thet ie, what the attitude of the air-
pleue should bs, somse items are supplied by aerodynamlic theory and the conven-
tions of instructicn., Thus, it is taken for granted that in exeocuting a turn
in ihe horiszontal plane, the pilot should maintain lateral balance, nose=-lsvel
longitudinal attitude, and {providing there ie no requirement to follow a
ground pattera) a oonstamt glven tank appropriats to the radlus of the tum.

The raasons for these presoriptlons are fouand in merodynamlo theory. In smocth
air, wshen the above ounditions okeln, the horisomtal turn will be exsouted with-
out ohange of altitude end the flight path wlll mpproximate a perfoot aro having
e oongtawt radius of turn. Algo, the “ride” will be swmooth, and the ocomfort of
ogoupants will presumably be served. More important etill, from the viewpoint
of C.P.T, inpiruction, the turn will hs axascuted in the most efflcliett and safset
manner,

- Reoords of airplans attltude durlag flight san bs meaningful as oriterion
data in evaluating pllot performance ouly if maneuvere to be performed are fully
set forth in rigid presoriptions to the pilot {or reported by the pilet to the
sxperimentsr), Criterion data then are sssentially represented by the devia-
tions of the pilot‘s performence from these presoriptions. In other worde, for
the purpose of ressarch, tho most affeotlive use of mraphis recards oan be mede
only in omnection with gbtandsrd flight eituations. This is not to deny that
suoh reoords may be epplicabla over a wide rangs of ordinary “informel®™ instrue-
tion altwmtilonms, partioularly when, ss 1a frequontly true, there oxist definite
sonventione of Instructions, such ss are represented ian the presoripiion of a
60° bank for the 720° turn in the C.P.T. svurse., However, vhoers the “"ideal®
ettitude altuation is not given by formal presoripticns, such as are included
in standerd flipghte, or by conventions of instruction, records of flignt atti~
tude camnot be used as oritorion data.3

Griterion datm obtained from pgraphlc records of airplians ettitude find
their applicat ione

l. In researsh directed towerds daveloplng and improving methods
of goleoting and training pilote, and

2. In the aotual task of training pilota ir the field.

Such oritsrion data may be expresvad in (&) quelitative or (b) quanti-
tative ternms.

2from the viewpolnt of advanced 4rxinlag, ths above conditions msy be de-
gired in some eltuvations and mey not be desired in others., For example, if e
oombut pllot in & dogfight wishss to make a 180° turn, 1% may be desirable to
forsge attention to latersl belasnce for the seks of other advarigges. Neverthe-
lssa, these presoriptions are slmost univorssl conventions, and whether practiocel
in ail situations or not, exist, and ars justified in aercdynamle “heory.

3‘1’h:la ilmitatlon applies not only to graphic recards of pilet performange
but mlso to photographie recards; notes made by an observer, ets., except where
"Judgment® 1s to Yo giveu prime soasideration in the eveluation of peérformanss,
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The fundamerntal aim of the invostigation carried oa at the University of
Pennaylvania has been to determine ths utility, as a sourve of oritericn data,
of graphic rescords of data pertaining to alrplane attitude obtained in the
gourae of standerd flights and treated beth qualitatively and quantitatively.

Desoription of the R=5 HRide Recerder and Resords

The R-5 Ride Recarder, used in obtsining the graphlic records of data per-
taining to airplane attitude, was originally designed te indioate the quallly
and characteristics of the “rids"™ und to record impeoste and ahooks ogourring
in moving railway cars. The instrumezt used in the Tulane pro,jocti shown in
Plate ¥V, page 60, 18 u duplicate of thle ride-resording inetrument® with oox=
taln minor modifiontions sugpesied by prelimimary iriale of the linsirument in
the flights mede at the New Urlesns Airport. Specimens of the chart of this
R=5 Ride Recorder ares showm in photostatio reproduction in Plateg Ia, Ib, II,

1XI, and IVa=IV].

The Chart _and Chart Traesg

Trhe chart is waxed red peper. 4ll irmces ere made by unhoatad metal sty-
luses. The drive roll of the instrument 1s pegged at each snd. The pegs fit
into the merginal holes of the schart and serve ftc prevemt fouling or malpoei~
tiom of the chart, Ths ohart 1s divided horlgomtally inmto feei, inches, =and
teanthe of inches} these unites. represent time intervals which despend on the paper
speed. The paper smpeed used in waklng sll records in the present experiment was

45evernl modele of the R-S instrument ars currently in uses. The term "Ride
Recorder™ 1s hers appliesd throughout t¢ the earllest model, which employs a ays~
tom of electrical switches to racord sentrel mevememis and has a chart width of
4 15/16 inohess. Ths term "Redhed Flight Recorder." with distinguishing model
number, ls applied to the later models A-2 and A=3, which employ a mechanigsl
cable system to record control mowememts and have a chart width of & 15/16
inches, {Other names have boen applied 1o all models in correapendencs and
disouszsion, inocluding "Impact Resorder," "Impaoct Register,” ™Fendulum Rscorder ™
ete. The mznufacturor furmsrly applied the nams "Re3 Adrplane Attituds and
Controla Movement Recordar” to the uewer modale A-~2 and A=3, but in Apri.l 1942,
adopted "Redhad Flight Reoader.") All rescords with which thie report doala
weres mads with tho Ride Regorder; but since the models have aertain fesatures
in common, much of the disoussion im this report 1s applicable to resords made
with the Flight Recorders as well, Specificelly, dlzcussion of the left-wing-
low trace, the right-wiag-low trase, snd the pitch-and-longltudinal-ecaslisration
trace will be applieabls to both Flight Racoders A-2 and 4A-3; disouspion of the
"load faotor" tracse will be appiioceble Lo load fastor indicatorz of Model A=2
instrumemte whish have the some calibratior: and partially applicable to load
factor indioatore having differant calibratloms. (Sines the load fastor indi-
cator ¢f Modal A=3 providss for the recsrding of negative as well as poritive
load factor, it esamnot havs the same calivration as the lead fastor indicator
of the Alde Recordsr.)
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i 1/2 inches per minube. Eagh jensh tnea 5 8 sesendes’ The char® iz divided
vertioally inte tonths of inehws. Tay genesul sherasier of the shart and traces
san be seen from an examimeiion of Plutes IVa-IVi.

6

The R-5 Ride Recarder provides Aeven traces as followss

I, S3igna)l Trage

The top trase on the okar:i is mude by an elestrioally mol ivaied
gignel parker and eerves to indicate the beginning and emd of ocach mem-
euver, When used im conlundt ion wiih a like trace on ot her simultiansous
reaords; such ap the Fries Cable Contrel Recardsr reeards; it provides
a means of eynchronizing records, The marksr was cperated by mears of
a pushbutton Anserted intc the resr stick (for soloing student ‘s use)
or one inserted into the dashboard {for instructor‘e use in dual
flights). Current was supplied by a 1.5 V, dry aell,

II. Traces pertai to Fli Attitudae
Four of the treaes refur to flight attitude. These inoliudss
A, A trace of positive loed facter,T

"l. Thiz trace 1o produded dy a etylus actuated by a welght-
and~spring accelerometer oonstrained to move omly werti-

SThe ohart is wo wound that the O foet mark is at the end of the roll in
order that the operzior may tell direstly how much of the roll remains et x
givan point. Hence, there is an appesrou. disorspancy bdetween the notatilons
"Bogin™ and "End"™ on tho plates and the horisontal scale, sinoce although the
reaords read from an observer's laft to hls right, the horlsontul scale :sadse
from his right to his leit,

6Th:i.' disoussion of esch %rsoo of the R-5 Ride Recarder is summarized from
the results of an extended inquiry ocovering the capabilitles of the Reoarder.
& detalled analysis of capabilitlies and deflclencies of both the R-5 Ride Recorder
and the Frisz Gable Comtiol Recorder is presenied in the attsshed §upplomentsl

Ronort

Trhroughout this report, the tsrm “load fastor” 13 used to indicate the ratio
of the imposed total air lomd (i.0.s; foroe) on the wings to the woight of the alr-
plane, or the methematically equivalent ratic of the &ir 1oad per unit maes to

irue gravity. The term “apparent gravity™ ie mometimes applied to the air load
per uwnlt mass.

In mothematical termss

Load fastor « totel sir load = (maesg) ("e ent, gravity"
welght Emun; {gravity)




2211y 1o the bags of She instrument.B The epring had
an initdsl tsnslon of 1.0%5 g. The beseline thus indi-
se683 1.05g. The top extrems of thes scals ia 2,05 g,
by stutie osllbration, Jach vertlesl tenth-inch by
atatlo wallirstion » 0,10 g.9 The systom, ignoring
wlight dry frictiona) fastors; is virtusliy undamped ,
axaept for he giopy placed al esch axtrsie, Oonse=
Juexily thers lg superposed on ths lomd fector curve

a ovmplex of zine ourve trooss of engine, prepallarﬂ
ard frome vitraliesa,

2¢ In level £1ight theo sirplane is sublected to & pasitive
load factor ol L g henover the wirplans follows a

L A P LT e X

UThe effact peasured by this ascslorsmetor is the “spparsui gravity® com-
ponant of the ferce on the wings. The ratlo of the “appersnt gravity” to true
grevity ie ths load facier. (Sos prazoding feotnots.) Sincs ths acoelerometer
is salibrated in unita of gravity (g); it thersfore inilsates the luad factor
directly,

"Apprrent gravity™ iz aften sailed "vertical assoloration”®, mesning the
unccelerstion aleng the wertical axis o? the sdrplane. This usegs has been par-
tlaoularly widecpresd wmong the projecis o»f the Committes on Seloation end Train-
ing of Alrorsfy Pilete end among lveirumsnt makere. It 1a not in ksapiag with
acospied physical usags, ho¥sver, sad ey lead to mlsoconeeptions in the alsauge
sion of certain mubjects.

Tho term "load facior®, with which most pillots ars fasillar bscause of ito
popularizstion by the Civi) Seronsut ios Adminiziretion eud the Futional Advisery
Gommittes for Aeronmutivs, way sdopted at the auggeatlion of Professor David L,
Webatsr,

Furthar dinoussion of lcad Pactors and ine oesgursnent of load fectors may
ba fouud in S.A.4e Alroralt Alrworthinsgs dgatlon Report No. 10, Lomd Fagtoer In-
formailon for Pilots. This réport s raproduced in pages 311-320 of Givil Aero~
nautios Bulletin No. 23, Savil Pilat Irelning Manual, Wachington, D. G.: Goye
ernment Printing Cfflce, Jepteabsr, 1942, & mors technical prazantation ig
glven in pages 16-17 of Jones, Ba Y., "Dynawies of the Aeroplane®, Durand, &, F.
(ed.), Zergldyveaide Thoory, Yolums 5, Capiias Ju s Speingsr, 19785,

%The nocelerometer had not been calibrated dyvamically. The statln cali~
bration wes thareforse anployed inm this shudy, with rocogaition of the faot that
the values of load fastor ao obtained wight differ from those whiok would have
boen whéained if u dynamis calibration hed, proporly, besi employad. It wae not
deemed nocessery to take account of the posaible diffsrances botweaen the gtetic
and dynamlec ealibrations of 4us aceelerometer for remsaons given in detail 4in
pages 177=178 of the Supplemental Repori.

lGSinso the loed fastor is ectuelly a ratlo, it ghould praperly bs expressad
simply as a nunber, apd nct ia units of aceoclersitisn. The wike-apread usage of
gravitaticenal umits ip sxpregsing lead factors, hewevor, has led ta an acseptanos
of the praesticc.

v A



R

A

o s T e

s e et

<,

R e
- .

[N

= pop

A omgit e

£ s fitay

]

e g, ade BT MLl -ﬁg,ﬂ\“ﬁ-‘.‘&‘q
K ) ; .

ERTEN

RS

RS AT
=

il

N ‘5;‘:':‘.;“ L

f

g .

Diagram 1

LOAD FACTCRS IN NORMAL FLIGHT

Fisure 4 -~ Straight and Level Flight

- md da e mm mw wR mE wm wm wm e o= e ;—-—-———-——-——-

-in straight end levael flight the load factor of the airplene has only & gravi-
tetional comporient. Hence loed factor - ¢ 1 g.

Figure B —— Curved F)!

horizen

V/4 'ﬁg Hk“wih ,
&i; n feetor = 2-g
gravity
A
Y
csntripetal component

In curved filght in the earth horizontsl, the apparsnt gravity of the airplane
is the resultent of a grevitational component and e centripetsl component.
Hence the load factor 1s greater then ¢ 1 g.
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Dimgram Iy
{Contipusdl
F%Eure G -= Gurved Flight in fZarth Virtical (Normel Loop At Gonstunt Spaed)ll

gravity + centripstal component

_// w Oeniripetal component

centriTetal component

gravity

gravity+ 4
centripetal component

4

A perfectly circular loop executed in the earth vertical at constant
ppeed is accompanied by a oonstant centripetal acceleration, whilch lies
aleng the airplane vertical, OGravitatlonel acceleration wlll also lie
along the airplene vertical when airplene and earth vartiecsl coineide.
The apparsnt gravity of the airplsane is the sum of the centripetal and
gravitational socelerations in euch instances. In Figure C i} was assumed
that the radius of the loop and the speed of the airplane were such
that the conatant oceniripetal accelesration = 2 g, Thusi

L e i T = B — ey ———

In 1, load factor = 2 g {0 g gravitational eomponent +2 g centripstal
component ) .

In 2, load factor = 1 g (-1 g graviLational ocomnonent+ 2 g cemtiipstal
gomponent ).

In 3, load factor = 2 g (0 g gravitational zomponsnt+2 g centripstal
component ),

In &, loed factor = 3 g (1 g gravitational commonent+2 g centripetal
comnonent ).

o

+1 Figures B and ¢ were adapted from Figures l{c) and 2, respsctively, page
12 of the CAA Adrcraft Airworthiness Section Report No. 10, “Load Factor
Information for Pilotm." This report is reproduced in Civil Aseronmutice
Bullstin Ne. -~ " 1 Mg Trairine Manual " fentember. 1941 pa eg 311-320
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curvad flight path, it 1s subJected to u positlve load
fector whoae value is greater than 1 g, and is dependeni
upon the plene within which the airplans is turning, the
rate of turn, and the velocity of the airplane.

A positive trace will appear on the load factor line when=-
aver the airplane, as 1llustrated in Diagram 1, pages 6-7,
is following a curved flight path whoae direction and rad-
ius are such that the "load" imposed upon the plane 1sg
greater than 1.05 g, the value of the initlal blaa of the
reptreining epring. Thls statement holds whatevar the plane
within which the airplane i1s traveling. Thus, a curved
flight path in the eartn's vartlcal, as iny e.g.s the
curved agsoent during a normal loop, will produce a posi-
tive trece cn this line, mnd likewlse; a ourved fllight
peth in the earth's horizontal, ms in banked turne, will
produce a pasitive iraoce. y

Since a constant relatlon holde between the angle of bank
in horizontal turns end the load factor t¢ which the air-
plane ia subjected, the load fastor trmce fiuds a partie-
uwlarly importent use in supplying informetlon about the
gubject's performance with respect to bamk. The emphasis
of this study has been directed towards the examinatlon
and mnalysis of slementary manouvers, moeny of which re=
quire a curved flight path in the earth horigontal. TFar-
ticular wattention has therefore been given to use of
this trace 1in supplying information about the bank of
the alrplane.

In this and subsequent diascussions, ii will be necessary to
distinguish carefully among the terms prsscribed bank,

"ELQBO;:“ bﬂﬁ o and gatua; b&!}ge

a. The prescribad bank 1s that benk which the subject is in-
ptruosted to attaln and meintain during the particular
mena aver,

bs The "propsr" bank is

(1) that bank at whioh the airplens, having a given
forward vsloeity, would be in perfeat lateral bal=
ance for the particuler rate of turm the pilot hsp
assutiedy ory stated in other toarms,

(2) that bank at which the resultant of gravitational
and sentripetal accelerations would be vertisal to
the wing span for the particular rate of turn (at
the given forwerd valocity) or

{3) the appropriets bank for the rate of turn (at the
given forward veloolty).
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Magran 2

LATSRAL BALANGH, SKIG. AND SEIP UM LEFT HORIAONTAL JURN®

Figure A - lators) Balmmnow

Rudder gtreamlined in left Alrplena follows fllght
turnj| propee loft alleron path in balanoe,
and shlevetor deflecilion, W

Tigurp B == Ziid

Tog little lefi elleran
in jeft turn {or, excess

left

Attempta to forge a de-
crensp in radiuva of turn.

Skid

Depending on extent of deflec-
ticns, airplane may follow
spproximately flight pzth
repregsented by solid line, in
ralativs posiiion shown in 32,
or may movs upward snd outward
following new Ilight peth, ae

results, f :g § illustrated by dotted line in 3.

rudder and baok stlck).

Fipure G =~ 3iip

Too
leoft

left rudder and beak stiuk)e% N
Attempte to force an in- 5 §
craaze in radiua of turn.

Siip

- Deapending on extent of Jeflscs
tiens, zirpiesne mway follow

\\Ry approximately flight paih

repregented by 80lid line, in

2 ralative position shown im 2,

\ or may move deownward and imward,

Yollewing new flight path, an

diluatrated by dotted 1ine in 3.

ngh lsft alleron in )
urn {or, Hou 1ittis &% 1

regulis.

L T W L T T e

B rarey

12 Megram 2 was adepied from Flpupw 90 popy 126, 0f Civil Aeronsutics Bullelin Mo, "%y
: o

il Pllet Trelaing Hapest®  Leoluobas, 794
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T VAR ¢ T RN T arigsody T, Awow lataipally Tale
Lend $9.0mp Lo wohael beek fo sl ko the Tpeiypso
Bask, %Wus 1t et osvial nen e eaquel o the presurlbod
bank wnleazs the pllel rtes golsesed ihe proper rata of
Lurn earracponiion 50 She banik erlled for in the pee~
aeribed oy oevver, Iwv 2 farm with sllp lowersaabl, tue
aghual bare fa 9quel wo tike “propec? bank plus %ve
angls of 21dy. In a turn wlin ekid {undorbank), tre
achunl bank fe agwal to tke "propsr” Lank ninug the

engle of 2nid.

B. As illostratsc fa Dismran 2, pegs 9 eliy vasulis vhoo
the pilet, havirg seimblished n rudius of lLurn by delleciion
of the rudider t¢ the right or left, appiies oo il sorres=
ponding ailsron, depregsing the corresponding wing %o &
position whiel ia2 Loa low for parfect Jatersl halease,.
Thus in « loft turn, & elip 211 reaul$ when the nilod

¥ applies Toow mush Lefs eilereon fop the lefh radder deflogs

Hina and tus lofh wiog is brought belew the —osition of .
balance.,

e

Ter & skid rasulls whon the pilat, naving ssiablienec a radive

of Yura vy dellastien of the ruddar ic the right or left,
appiles tuo lithls acrrespondlag allsroc (or toc mueh eprosice
allsron), dsprazaiag the serrecponding winzg 4o a positiecn '
whieh du not tow epmough for pevlazt lsteral balenes {or
dapressing the vppoclite wing to ¢ position whilch 4e too

law for parfect ieitersl balsnee;, Thus, in a leff turn

okid willl pepult when the pllel appliocs foo litile lefi
gileron, or whan he aspliieas too mueh right aileron afier
peubralizing ond the righd wing is {thue brought Lrlow the

rozitlon of balanea,

8. In this dizenssion 2f $he load factor trass, it is impor~
barmt to aobe thab in any glhven horizonsal turn whith engla
e of "proper™ bank, the lead faobor ia giver by ine
ralation

Soud feobor « aoe cA,

aubjent 3 an error im sordrlin situstions whiah 1ay
ugually bo rozoarded as noglipible, The reeorded load
fagtor ia rsad direetly from the chert (5ee fooinote, §
page 5 ). Tre attainod icad fastor et eny pelat within
a horizontal turn is %he secant of the an<le of "prepsr®
hark at that point.l3

n AT T T

13 Puo attalned load fecher may diffor scaewhat from $he recorded load Tuoseor

teken with ths static ocallbraticn, bvecsuze of 4ifferances irn tha etatic and
dynamio calibrations of the meeslurometer. {Sce Supplemental Repord, pageliT.)

The attained load Tactor will uot be equal to the secant of the snzle of satual
bank unlsss the emirplane is in laterzl “elanse., .henover the eirplave is in
a allp ur ekid, the attained lcad faector wiil thersfore not bs sgual to ths

gaount of the angle of mgtnal ban+,

LT Lt wwra
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9. In remding this report it w.ll »u potedd $hat “propape®
bank hzs been wasd to derive iadices of piled ekill in
proefeoronce to aoctual bank. Rezeoms for glving such
prefereoace to "proper® bank are outllnsd in detall iu
the Supplemantel Report, pagesl&b~168, I% nsed be said
hers only that the “"proper" tank 1s e physisal entidy
which afferds s dlract indiecation of one and only cna
importent aspect of the subjeot’s porfermanse, vis,.,
hig estimate of the proper reta of turm (et the given
forward velocity) to ashleve the desired or prescribed
bank., The conocept of the astusl bank ia parhazps soms=
vhat more readily graaped, immamush a2 it rspregents
the aoctual inclipatlon of the winge %tc the horlzon.
The motual bhank may newvsrithelsss be oconsidered s leseg
ugeful item becauss it lw a compounding of two diffsrent
gffeots, nelther of #hich it indicates direutlg or
eimply, (See Supplemental. Report, pagea 267-168.}

10. Heference to Flates IVs = IVj wlll indicate the atility
of the lomd factoer trace in supplying informetlon aboud
the subject's performance wilth respect tc "proper™ bank.
For exmmple, in Plates IVa, IVb, and IVe it is apparent
that the subjects "proper" benk varies considerably
and might be characterized somowhat impreasionietically
as "ragged®. In Plates IV and IVj are sesn examplen
of relatively constant “proper" bank. Further dlscussion
of these plates will be presented later, since the pre-
sent diecusslon and sxaminatlon are designed only %o
indicate ths general nature and utility of the load
factor trage,

B. Immedintely below the load factor trase are two traces indieca-~
tive of lateral imbulance. One of these (upper) indicates
that the left wing is low, i.e., that the inclination of the
wing to the horizontal is too grsat for perfeet lateral balance
in the maneuver. The other (lower} indicates that the right
wing is low. These traces will be discuseed jolntly and ¥ill
be referred to collectively as the "lateral imbalance trases”.

l, Eaoh of these laterel imbaslance tracss is produced by a
pendulum fres 4o wmove only lateranlly, These psndulume
are stopped in such & mauner that eash may sxecuts enly
half en oscillaticn, Thus the left-wing-low pendulum
may move only to the left (pilot's or airplare‘s) in ihe
lateral plane, and the right-eing=-low piﬂdulum may move
only tc the zrigh% in the lateral plane.

2, Eaoh of the lataral imbalance truses was calibrated
statioally. The scale is sush that sash 0,10 inch in

14 The purpose of employing two pendulums, each stopped at the midpoint, is te
minimlze the errors dus to limited demping. Thess srrore would be excessive
in an unstopped single pendulum,
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nakght of irens reprassats 29 gddition=l devistion from
the level pepiticn vader stati¢ veoditiocns. The limit
of ths geals for cugh troee is 4%, This static celi-
Yration, howsver, does not hold under conditions of
- f},ig‘h?ﬁu

Tay reasenz givsn in deizil inm the Supplemsntal Heport,
p2zesl79-185,1t is impomaible t¢ 2alibreie these pendu-
loma o show wiip ¢ skid anple. VFor sll practlsal
purpeses, hewaver, csach trzee may bs ragarded ae indlcat-
ing doviation of tha ball of the ball-bank indicetbor
from 1te overnter poglilony the uppser trace deviation %o
the left, tne lower trace deviation to the right, (See
Susplsmental Fepori. pagolf4s) Thue 1n Plate IVa, 1t

is apparent that the subjeet was in a long and extennive
2lip {(righ’ wlcg icw) throughout the mansuver (720°
Right Fewer Turn). The pubject whose performanes for the
pe@s neneuysr ie revpreacnted by Plate 1Vb also alipped
pxtansivaly, hut somewhst more irregularly, and for e
shorter tims thon the subject of Flabe iVa., Slizht to
Psivly exteonsive amsunts ol ellpping are shown in Plales
I¥e, i¥d, IVe, and [VE. In Flates IVz, IVh, and IV} ars
ozsmplee of psrformnoes exhibiting relutilvely lidtle
laksral imbzlance. Flake IVe shows sevoeral minor akids
{(leTt~wing-iow), Flais IVh shews several minor alips
{cight~aing-law], and Plate IV] shows one slight skid
{lstt-uing~iew) Lowsrds the erd of the wmaveuver,

LY
L]

Tha naxi aad lewsgd linz on thess records i» producsd by &
atylus actunted by en uwpdomped pandulnum whiash is fres to muve
only in the lomeitudinel plane of the alrplane, fros to swing
on both pldas of its mid~poaltion, and stopped at each extrems,
Ths penduluwa iz subjest to dwe affects; vir.y Jonzitudinal
rasolereiion end changes in the lengitudinel pitch of the air-
plazna. The trana represente the sluebrale sum of theee twe
effeats and under geriain sopditiona may apparently be subjast
to other effcuta me woll,

1., Longitudinel scuslsration and thanges in longitudinal
pitoh will cidinazdly cocur in such fashlon as parbially
o affeet enoh othar iu the recorded traca., 4 negaiive
ghanze in 2i%eh {lowsring the nose of the airplane)
tende te produce & downward trace. But lowering ths uecsge
a? thoe alrplane will ordiraerily result in a popitive
ageeleration aloag the longliudinal exisi ne, 9.g., #han
the nnes is lowsred belss the horizon, ths zirplane le
sibjeshaldl Lo a2 poattivs lenglitudinal accelsrutlon bew
caugs 2F the pall of gravity., Foeitive longitudinal
agooleration %ends to produse an upward trace. The twn
afivats thus tond %o csnval, insofer as the reccorded
trede Is consarned. Conversely, a positive change in
piioh, tending S0 priduce an upward trece, is ordimarily
suc.mpanisl by m negallve lungiiudinal accelaration
Nopgitndianl denalargilon:. as 10, 9.8., & 2%311: and



thie reguliing trace doea not show unegulvoczlly the nature
and exteat of esaoh effoct.

2, Under moat counditioams, the pitoh-and~-longituvdinal-sgsolara-
tion troge le therefors mot interpreiabdle; eni no use has
basn made of it 1m thle lnvestigetion, elithough the trace
can be used as sn aid in identifying maneuvera. (3oe
Exhibit I, pages 141-142,) Referring to Plate IVe, it may
be 2esn that the trace under consijeration is very nearly
a straight lins. Unfortunately this cannat be teken to
indicate that the pilet meintained a noge-level attituds
{i.2.y that %he longitudinal axis lay in the plane of ihe
heri:on), vecause the pllot may have opersisd the airplene
ir sugh a wey aeg t9 produce longitudlanal scceleration and
ochanges in longitudinal ettitude which practically coffaset
each other in the trase, Likewise, im Plzte IV, the short
seation of irzce towards the end of the mensuver may mean
that the pilet has pulled up the noss of the alrplaze. On
the other hand, en ldentical trazee might =lzo hs praduced
by posiiive longliudinal maoslsration ocourring when ths
nose of the plape is aotuslly below the harizon.

The final two traces provided by the R-3 Ride Reoorder show mlleron movement,
and ruddsr mcvament,; respectively. These iraces are not shoen on any of
the plates.'”s

The comtroi-movemenis rscordiag systems of the R-3 Ride Resorder wers dis~
oarded in the first week at the fleld booause they were Judged to be less
desirable than those of the Frisz Jable Control Recorder, whjieh was fn-
stalled and employed in cenjunctiton with the Ride Resorger.t

All the traces described in the preseding parmagraphs and 1llustreted in
Platea IVa = IV == ingluding the signal marker trase and thoae pertaining
direoctly to flight attltude -~ gre ocoumen to &ll models of the instrument,
{The initisl tension of ths restraining spring in the acceleromster way

be varied aa dealred for any individual instrumemt; hence the partimlar
calibretion and readings referrsd to in this rsport may nct be applicable
to cther models.)

U oar preeont, the itrace indicating ailsron movemenis would lie in u2bout the
center of the chart, and the trace Andiceting rudder movemenis would lis
bslow the pltoh-znd-longltudinal«aocaleration trace at the bottom of the
ohert ,

16 A complete desoription snd oriticsl anelysies of the comtrolemovements

recording eystems of the A-5 Ride Recorder are ‘ound ia ihe supplemsntsl
Report, pngea
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The Approach of this knvestigeiion

The dipauassion thus fer hes indloeted that the records of the R-3 Ride
Revorder may be used in arriving at quantitative indices of pilot perform-
ance, One objeotive of thie investigation hae besn to determine the
utility of thesa records in obtaining gqumutitative dats omn flight atti-
tude to be used as oriteria in evaluating pilot performance. In addition
the inveetigation includes an exsmination of the utlility of the reoords
in arriving at relisble and valld gualitative estimmtes of pillot perfornm-
anos,

In the search for, or development of, oriteria for use in problems of
saleotion; classification, and training, prefersncs is customarily given
40 those oriteris which may be quantified and expressed in dardinal num-
bers, Such oriteriz admit of more oxtensive and more exact treatment than
those whioh may be expressed only in qualitative terms, It may be asked,
since the data provided by the R~S resords lend themselves to quantitative
treatment, w¥hy a qualitative approach ws also employed. The answer to
this quostion lies in the time required and the difficulties encountered
in the treatment of the data of the R=5 Rlde Recorder chart to provide
quantitative indices of pilot performance.ll

I. Tn order to obiain quantitaetive indlces of pilot performance from the
data provided by the R-3 Ride Resorder ochart, the various traces ocon-
sidered mus’ be acowrately meszsured at some arbiirarily established
tims interval. In thie provese, error of measurement may be incurred
in two respectst in measuring vertigal ohart distance (i.e., the

1T 1t should bs noted that ocertain data of the gchart =- namely, those date .
provided by the load factor trace, the left-wing-~low trace, and the right-
wing~low trace == are quantifisd in the sense that they are “graphed” on
the reoord. The load faotor trzos may bs viewsd as a graph of positivae
load facstor "plottod™ angainat time} the left-wing~low trace may be viewsd
a8 a graph of the deviation of the ball of the ball-bank indicator to the
left of its center pcesition, "plotted" against timey and the right-wing-
low trace may be viewed as a graph of the deviation of the ball to the
right of its ocenter position, "plotted” against time,

These deta, however, are not in themselves oriterion data, OCriterion data
ars the devistions of these sffects "graphed” on the ohart from what those
offeocta ghould be.

In many instances, it might be said that the lateral imbalance lines (left-
wing=lov and right=wing-low) are graphs of the deviations of the adtual
performance from the presoribed performance, visg.y; in the omse of those
maneuvers in whioh no poeitive trace of lalsral imbalance should appear.

In the cass of maneuvers which do require a positive trace in the case of
one of these lines, such as forward and side alipe, this statement cannot
hold, Moreover, even in those instances where the deta "graphed" on the
chart might be consldered to be themselves criterion data, they are not
sxpressed in index form, ’
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height of amch tress from its buse~liine)} and 1z measuring hoerisontal
ahart dietance (setting ¢ff the arbitrarily esiablished time interval
al #hich meamuremente are taken),

11, The chart is printed with bothk horisontal and verileal scalea, esgh
greduztad in tenths of inches, Zach scale zay be read directly with
fair acsuracy to .05 inch; 1.8., to the ridpoint betwesn two printed
soale mavke, Acguracy of dirsct readings to eny finer amount i1s highly
quegtionable; owing to ths diffiovlty of uny finer esiimation, and to
ths fmot that it is nscessary tc use a transparent #cale device (external
to the chart) to syachvonize the traces. Thisz eynchroailzing scale, the
uge of which ie dosoribed more fully in the Supplemental Heport, pages
192134 must bs ediustsd to tha oheri so that 3% is properly aligned with
the chart bago-linesj emch ireas iy Lhen resd at the point at which it is
intersected by an appropriate lims of the synchronising ecale., osven 11
it were posgible to satimste asourately to & lesser dietance than .05
inok on the chart, slight wmisaligunenia of this synchronizing soale would
cause sufficient error to offset ths flnencss of meagurensnt zo gained.

i1L.The finsst masurate messursment peseizle by direct sosling of the chart
1s thus .05 insoh, Unfortunately, ths gquantities of the affegts to bo
meagured correeponding to this cheri imterval ars too largs to furnigh
fing indices of performances

&c & chart height of .05 inch sarresponds to 05 g of load
Isotory .05 gz of losd fssior msy correspond o0 o “proper"
bapk interval as great as 79,

Bo A ohert height of .05 imsh sorrssponds to 19 of lateral
imbelanae (eldp or ekid) by statio calibration.

C. A ohaert length of .05 inch sorraspondsy In the case of these
records, to & time interval of 2 szso.

1V. Indlees computed from measursmests aosurate only to the orders atated ahavs
may serve to renk or catagorize por{ormencsg, but they can herdly be con-
sidered tc bs senmltive enough to revesl amall gradations in proficiency
from subjest to subject., In order to obtain such indlices, it 1e necessary
to magnify the redvords by projection and obtaln ascurate fine megsursment g
of the shert deta.l

18 Projoation is neocasery prirarily to obtain suitably accurate fins measure-
monts of vertical ohert distance, La@.y of the height of esch trmoe from
its base-line. Thip diffionity is aw’ nsoesearily confined to the Radheq
instruzent, It might bte enscuciersd in any graphie recordsr which records
soversi flight atiitude sffocts. The chart space of the graphls recordsre
used in eirplanes iz llmited by comaiderations of installation and welght.
In small eirplancs e ohart width of 15 inches is & gonerous meaximwm, If

goveral iraces are oonbolued in Lhis avzilabls width, the maxinum exgurglisn
of each is likely to Ya less than deairable.

The ddffioulty wiih regerd to horlssntal oherd tength might be solved by in-
treaging the paps: gpred,
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¥. Projlection of the regorde for measursment lez admlseible for purpyeea of
regearch smploying laboratory enalyels oif the records; bul it iz wost
unguitadle for freguant uze o9f the rseorda at the fleld ia the task of
training pilots, Indeed; in view of the conditione of instruestion,
1ittle measurement of any sort, whether by projeation or direct scaling,
would be admissildble for fisld usa of the records. For guch use, an
approach other than one involving ths computetion of fine quantitative
indicee is raquired. Sush an epprossh muat be guslitative and “olinical"

in nature -1'9
Seantiltative and vualitebive Aspests of the Imvestigation
The complete stady inoludes doth = tative and gqumlitative exummination

of the records of flight attituds effucta obtained by msanme of the R-«3 Ride
Recorder. The gpalitative =nalyeis was designed to define, insofar as pos-
sible, the utility of certain fenturas?Q® of the R=-5 records %o the insiruoter
in the field, while the guantiteiive analysiz was designed to teat the prao-
ticability of a quantitstive spproash to data provided by these same traces,
end 4o apply this approach to as large a number of specific problems as poa-

alble,21

I. The general oharaoter of boith investigations hae been more intonaive
than comprshensive. It wac decided to ssleot from mmneuvers lncluded
in the reoccrds of the standard flights cne or two wmhich would afford
a complete investigeiion of the £flight attitude tracea of the RA-35
instrument and focug esttention upcen the definitive statecment of the

] capabllition of th2as regords when empleyed to give guantitative and
qualitativs regults. It wae alao thought desirable that the maneuver
be ons on which the perfornancse of slomentary studenta, private
pilote, and insiructors would bs likely to vary widely,

IX1. The 720° power turn waes zelected aw best fulflllipg the conditicne stated
aboves

13 The qusllitative study wes undartaken at the suggestion of H., H. Johneon,
who prior to the initiation of the gqualitative study mlso raviewed the
experimental deslgn as proprred by M. S, Viteles, Oscar Bmckstrum, dr .,

and A. §, Thompacon,

20 Thesoe featursess are the load facisr trege; the left-wing=-low irase; and
right=wing~low treace, dlscussed above. Theee traces compries all those
features of the regords of all wmedels of the instrument which pertain
direotly to fllght attitude, with the exception of the squivocal pitch-

and=longitudinal-accaleration trroo,

21 The resultn of the grantitetive study are to Le f&ported separately as
Part 11 of "An Analysls of Graphic Reocorde of Piloet FPerformance Obiained

by Means of the R~3 Ride Reoordsr."



" ha 183 smequiicn fevavhstly yredusis o pasitive 4Rass on the losg
feztor Ilne of the B8 Rids Resocder, ang posiilve trases cay
APESAr n the ofher Ilighb abidtude lincs. An mislyeis of re-
oovda of $hila mewatvvir Tould rhen teks Santo ngeount all the
Lllegnt shiiltudas spncwg of the Angtr.mers .

Be Thle maneuver mey B sryuoted o revial rather lsrpe differancen
dn parformanes &b varying lavele of nxperienss, This expoote-
tlon le perbisularly Justifisd ips ihe ce¥e of the right 7200
pewar sura, 1f thsre 45 sny Srulh in “nengar £iying®, sinos
parformance of glemasiury studsats iw ropuded nob snly to vary
widely from thot of wove erptalonsod pilote on this weneuver,
bt also to s infericr to  Shole gwa roerformencs on tae lelft
7202 powar turn.%?

11lc The qualitative aurdysis vos sonfined to he Tight 7¢9° power turn
brooauze this investipation same fesigned only to teal the praghi-
Sebility of m qualitatize Apprensh,  The gquantitetiire mnwlyels, en
the other hend,; included Bet™ 1aft apd sight 720% powesr turns bow
sause AL was deslgued otk to tiot the pragtlcebility of & guanii-
tativy approssh and 4o Jsrpars prriormense om turas of eash direetion
by means of tho quanbitetive Luaisas desived from bhe data.

T - T W e i B A g A "

a2 3 will be noted that the T200 POmsr wuin Ag therefers cas of tha opedmnl slemen-
$ary| manevtere for thlz sxploratory rouecroh. It doms not follew, hovwewsy, that tke
wee of tis R-3 Ride Hecordsr, wr of gruphie reserdere Ao general, in rosirioted 4o

Haasuyers of simllar type. Any mmneuver may e anelyzed by the R-8 Rige Rooovder ox
any other recordsr ingofar as i3 omn be doparibed in tarms of the funatlions provided

at Fecorder,

o & novesgary oceadition n? anedysles however; iz thet the interpretar or reader
of the record kuow whet mensaver wau astemplod, (S9s pages 1-2.) Since a pum~
ber of elemeniary mansuvers do net By cherachoristic treoss on the R-8 Ride
Recordsr chart; nnm external mexrs of Ldegiifi¢si tor, such ma Rignal marks, is
Bocesenry. (%as Zxhlbis I, PRgadb-14TiPrarided the mareuvers acs executed,
B3 recomnended {pzge < 2 in stenderd flichts, a single dot or dsan sigml i
all that L3 recuired 4o ids. A%y wny monevesr. Frovidad a suliable paper speod
is employed, msnouvers may sl b iderbified in rscords of variandardized in-
eirucilon flihis by meeus of & simple <0dg of dob-dash & igal pebterro. Thise
mathod, however, will uswrlly be found lssa setdafactory then the smploynent of
standerd flighis. {(Sev Suppismentel Ranory, phgep 195~199.)

It should s roted that the R-8 Aide Reusrder provides resorda of enly thrwe
functionst lead factar, lateral imbalanos, end rlich-sud=-lungitudinei-ncoslarar
tica. The addition of other furntlors to thig cetalog would add to the ilst of
manouvers Adentifinbla by masne i oheorscheristie trases,

Obvicuply the somploioness of 1hs analyels of any mansuver iu dependewt on Yhe
nunber of functions provided by the partianlsr recordar. If » resorder providss
a reliabdble indication enly of load factar and leberal imbalenso, these are the
oALly eaponte of the maneuver whieh cauy be svalustsd froa the recerde. In wome
zansuvers, oerialn functions have = privary significancs, vhersas in others
their slgnificancs i3 sseomdary. Ir thz case of atrelight apd level flight,

for oxampis, thao only fumotlion of prrimavy importmnos supplisd by the A-3 Ride
Resorder is laforal imdelsnes, bud othor olgsificant dels can be supplied by &
move edequate resorder. (S Appondix 4 $o_Supplemsmial Roport. }
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THE SANFLE QUALITAVIVE aNALYSIS

I. Oblegilvaen

As steated in tae Imirodustion. the puipoesy of the aqualltaiive analwpis @es
te lnveetigete the walus zuiad prastiosbility of obtainieg dsta from the R-5 Ride
Rocorder by meene of direol imopesstlion of $he resords such 8 might bs mads by
an instructor in sn oréimary toninles zitustlon in the field, Speelfianily, ths
investigat ion atieapted Lo ans®er two guoetioasg

A, Will quaiitative obasrvetisas of the racwrds yleldd rellable data whioh
will aid in avalusiing pllct perfocmance?

B. Is the methed of znalysis prestiontle with respset to vas in the £leld?

1I. Derigs =nd Progedusrs

&: The qualltative anslysie Znvelsed a wooprrlecn of tvd typea of qualilobles -
ehaervat longl

1. & faliriy iotemsdys siudy of the tecurde, by mzooe of o ohoek shect
providing for & complete dotalled dosariptisn of the pecori (Lhe

Date Shest} and

2. A frse "slinisal® desaription of the sellent Fontures of the regard,
by moans of a Gomoral Dosoription Shee.’3

Boe In evaluating pilet parlormancs by eilher shest, the rater ratsd it ea
a five-point sselie:r Yary Poor, Puuy, Avoregs, Goods Yery Gosd. The
anelysie then took the ferm of luveatligeting the rolinbllity cnd “abe-
tistioad® walidity of oach of ths t9o mcihods of rsxdlng the resurda

- and oomparlng the reswlis of the iLira meinods,

¢. Two samplss of the 7209 right power tu?zi'zﬁ' of ench of the 28 Bﬂbjes‘;’»ﬁ?j
were exzmined. The hwne fron Flightis 2 and 3 werc ussd lu the beliay
that irregularitiss dw te voandliardiy with the tant eltuatlen wowld
bs morse likely to ooour in Elight 1 than dn thess Isiar flights.

D, To minluizg the poasibility of bles; the procedwre wes oo deslgued Shat
the retsp2® dld not krow thy ldecdity of ihe suhjesis. The progedwws
in dotall was as foligwse

1

L2 S L TP

23 Spocimens of oash will e found da Aznsndix 4,

2% g3alnoted for rsasone describved in the Introdueticn.

25 Detailed desoription of ths subjeats and thelr siassiflestion as %o plict
atetue may Bs found in Rxhibil 1. Fages 124-127.

2 Ratings were in eavh ooue mede by Osoer Dmakebign, J7.
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The R=5 rooprd of the right 720° gpower turm of the third flight of
tach sidjaol was marked with o oode pumber, soslgned abt random, and
records wero presonisd 1o the ratsy in rawiom order, The retor thea
exablaed the ressrds by direet lpspostion med mede his ratimgs with
the Data Skeat. {The soriss nuaber corrasponding to this reading

is 3X=Da=1,

The roscrd of the second Vligldh of oneh pubjest ves meorked with a
sode nuwmdor avsligasd ed revdony end the resords were prossmted 4o .
the raber in randea ordsr, The rater then reaud 1ho records end
uale his ratings with the Zspersl Dessviption Sheet, (The serics
aupbar corregpunding to this reading s 200=Cd=la)

Tho resords of the third flighs wers thon re-~soded, anld ths rater
read and reted them uring the fsuerel Deseription Shest. (The
seriss numbsr cwrraspindlag to this reading is 300-Gd=1.)

Tne reacrda af the seeoad flight wers rowcoded 2nd tho ratar raed
und reted ther valag tho Data Shoet. (The geries namler ecrisg-
ponding to thle roading 13 205-08=)0 } In sbope L wnd 4 the reder
made a note of any redterd ho idombified as thei of a pariiaakar
aubJect.

By mesams of 5 £ 5 omtinginsy dubles, ratings of sach £ligld made
by the two methode were compursd, uwnd rabtingy of the t¥g lights
by ewnch method wara campar@d. Thoe $heuretles) {rogusoelaz in o
ntaber ¢f oslls of ti» § x 5 t2bles were amell eluss the totel §
wae sither 27 or 28, The rezullte of the 5z § tnblaa vere there-
fyre ghesked by repeating ihs oulonlalticna in € x 2 Hobles,

Atar & lapes of tiven wooke; rnocrda of the third fiight were re=
coded, end the rater rozd mnd ralod them uslng the Data Sheet,
(Tha sorien pusber dorrespoudiing io this reading le ?GG*Dmsza)

after a lapee of & weeld, which the reber ospint in Juandtitative
sgaputat lons and saklag quarditative resdings of 1sf% turns, 3ths
reoorde of ths {hird flight wsre ro-sodsd, end the rabar resd and
rated 4hem vslug ihue Gsvayral Desoripblon Sheokh. {The series number
corrosponding to thls resding is 300-3d=2.) In Lith miepa § and I
the refer recovied vevognlbion of ldemtifled rogsards and hila reg-
eilection of ths rutings hs guve them on the Lirel rasding.

By mrane of 5 7 5 conblngenoy tebleg, the ratinsz given in stop g
wore compared with those given in step L the ratings given ln
step ] wers noupsred vith thess glven in step ;g and the reatin ga
glven In stop § wors euupered with 4hoce plven dw atep To  Agedn
&ll compariasnw ande wlth 5 x 3 teblos wore cheok:zd with 2 = %
'S‘Hs.b?.% E

The proporties of tos render’e owraet reeclieogtlons of preoviowvs
setings was eblalmed, dn ooder oo anpraloe the exbaut of bies in
Bhe resnitu alisteed o plap B

i
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10, Dempasdrems ed obe ¥l 0o LlNEe Bish auler evhiarie were

monzbs, Theas opiieria £27:4:

2. Rabinge te be ¢evdved frow »3 carly form of the orio
State Chagk Liet fiiled in Dy the inziruwoator who ad-~
minlgtered “he Tlight.

te Tho pilot-ptatus of ths sublecta, of which gaveral
indlces wars devized, :

11, Afber conpideration of the rasuiia, stops Wore taken towerd gp=
t=2dlisking = comorets prassdurs for use of the qualitsiive approach
in thay £lalde

11T, A Bizouvasion of the Hethods of Qatilag Porfopmmncse, Difflculties in
Keking Reedines, and Flaws in ths Frocodurs.

4. Papas of ra:hingz‘f

1. In raking ihe ratings, the raccrd of each turm ¥as divided inte
thres gectiony which sre deafined with reference to the shart 3%
followes )

be Lobgyy that seodtion batwessn ke slgnel indicating the begime
ning of the nansuver nnd the first pesk or plataecu in the iload
faotor trase following a fairly consistent rise of the trace
from the bsse~line. Thiae ssotion corremponds to that portien
of the twrm in which t-o subdject starte from the benk of seéro,
or neerly asre degriea, ol rellis up to the barkai whidh he
"igkenmin® to £1¥ ths furn, ead which, preswnadly, he oonslders
%5 be the appreprists bank for ths tum. On the rezsord the
emiry is oaimracterized by 2 .conclatent upward slope of the
losd fastor 3rase exoopt for the pregesoe of “uteps,” memen~
terily held peals or plabtenud.

It 1o appatsent from the above defindfilon that the dot e~
mination of this poind of teiminatiod of the eniry is a Judgnient
on tho paré of the ratsr and ia sub)sct to certaln amoiguit iee,
L gimcusoion of thess embiguities and of the acouracy of this
Lreatmart e psezeuhsd in pegse 26-27,

b, Qeesgerys thet sesiion bsiwesn the last stalls penk or plateun
 1g the load foctee Ltrece and the t erainating algwmel. This sad«
tion correzpende to that portlom of the turz in whiokh the esubjest
sores wit of $he turn by rolling off bank and returning to level
stiZtuds, It A3 charactsriszed on the oxert by s consletent dovm-
ward olopas cf the load Testaor irace sxoept for the pressnse of
Teiepa T

5l

=
{3

2 .
?Tha following dipcussion will be facilitated by rsference %o Flaten IVg to

I¥j, inclusive, and thelr corrsspoading preiosols, found in Appendix 4. The
plates are photostatic reproduciions of resords which illustrate the types
of record to which ench of the indicsted ratlngs was sasigned.

M

o
50 g
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S, Turn properi: the ssotion botween ordry and reoovery, i-e.,
the seotion betwssn the firet stable pesk or plateauw in the
load feotor irace after ths beginning silgnal and the last
atable penk or platsau before thoe termlnating sigmml.

Seven mapucts of performance wsra considered _in making the qualil-
tative readinge and in arrlving =t ratingnazs

e, "Over-ell" flustuation in bank during the turn proper.

b. Deviation of averags bank from tha prescribed bank durinog
the turn proper.

0. Intermittent ("eside-by-side") fluciusations in “proper"
bank during the turn proper.

ds Lateral balanss.

¢. Hitting the prop=wash (slip-stream).

£. Length and etep-like cheractsr of the emiry.

gc Length end step-like scheraster of 4hs recgvery.

A detailed description of eash of the seven aspests follws:

6o Overall fluctumtion in bank is defined as the range of flus-=
tuation of bank, 1.8, the diifferanae in degroes betwsen ths
highest and lowest angie of bank attalned during the tuven proe-
per. The appropriste veluaes wors ¢ltained by tranemuting the
height of ths load factor Ltrace; in terms of chert spacez,
into corresponding angles of “proper” bank by meene of a table
of equivalents {zee Table 1). These angles were then trens-
formed into asswmed actual bank?7 yalues by correcting for si-
multanecua lateral irbalanae (Af preseut) by adding the number
of degrees of elip or asubirsoiing the numbsr of degreea of
gkid, as requirad,

_ ; ‘ ' gn To ebiain =
meagure of the pilot 8 approximaticn of the prescrib@d bank of
600 the rater roughly estimmted the average “proper™ bank from
the load factor trave and oaloulated thae averags assumed aclual

be

28 The firet four lioms corrsepond to items which the investlgation of the errors
of the Anatrument revealed {o be justifiable quantitative data. The latter
thres items ars the more pursly gualitstive in ehsracter. The sevon itsms ln-
cluds mll the data whish a ¢onsidsrailon of the ocmpabllitiee of the lnstrument
revealsd to bs useful and obtninables by e qualltative trestment .

27 Aotusl rather thanm "proper® bauk wag uc.d in Iteme @ and & Lo roascng ox-
plained om page 23, whioh nleo indicatee the treaiment of errors arising ous
of this procedurs.
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tank valueiV by adding ths avercge extemt of slip end subtrach-
ing the averegs extemt of shld. This value was them subtrazeied
‘rom 602 1n order todtaln the deviation from the presoribed

bank. This procedure waa varied somewiat in that if the subject®s
bank flustuatad around no fairly well defined midepoint, the ra-
tor would ostimate deviations from prescribed bank during fraa-
tional divieions of tha tura proper. For exauple, if ths rater
thought that an estimate of 159 average devlistlion did mot give

a true picturs of the davietion owlng to merksd inconsletency he
would nots it, perhape, as a deviation of 0° during ons=third, 15°
during one=third, and 309 during one=third.,

Intsrmittent fluctuations in "proper® bank are defined as step-
wiass deviat lona (4{aken without regard to aign) in “proper" bank at

aucoossive time intervals throughout the turn pruper. 4 rough
satimate of the averoge of these fluctuations waa obeaeined in the
following mamner: B

The rater considerod the load factor trace to be marked off in
imtervels o .05 inohss (2 seconds}.3l He theu "ren through" the
"turn proper" eestion of the iturn, estimated step=wise deviatlons
in the readings of “proper® bank from interval to interval, ani
ostimated an aversge. The rough 9stimate thua ohtained represemts
inteiwittont or side=by-sids fluotuatione in "proper* Yank. .

Lateral balanos: 1t will be rectlled that the laftewing~low and
right=wing-low traces treated in conjunction give a trasca whigh
for praciical purpcaes may be ragarded as similar to the devia-
tion of itha ball ln the stendard ballebank indicator from its
sero position, "plotted” agsinst time. The rater’'s judgmemtis of
the oxteunt and importance of latsrsl imbalance are thus based on
dete analogous to those oommenly used by the lnatructore to ap~
pralse lateral imbalanos during flight, Ratinge of lgberal im-
balance were obizinad separately for the emtry, turn proper, end
recovery. The rater judged the extept and seriousness of slipe
ping end skidding in each sestien.

Hit 1 It 1s commonly acvepted that hittlng the
prop=wash upon tha completion of the firet 3609 of a T20° turn ia
en indicatlou of exsellent performance of the first 3609, in that -
this seation of the turn was carried through with negligible
change 1n mltltude; and spproximated a perfeoct sircle. The rater
noted those cases of hitting the prop-wash which he could identify
from the records snd took egcount of thie fact in making his final-
rating;ﬁa

A Emram i mmne o deme e n

30 Actual rether then "propor" bank wee used in Items g and b for reasons ex-

3

32

plained on page 23, whioh also indiocates the treatment of errors arising out
of this procsedure.

The horizontal chart sgoale ie marked in tentha of inshes) thus thig esti~
mate was faoilitated,

Not w1l oases of emsountering the prop-wash can be identified from the roge -

A short discussion of this difficulty is presented on page29, and u

more cuplo'l;c disouasion is presented in the Supplemental Report, pagese 1@5,{1{"—
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The resord pressrded in Plate IVi ie typioal of thoss reoords
showing identifiable propswash effecte, These sffeote cansist
of a rapid dip of load fastor traco to ite base-line, followed
by & rapid return to approxiuately its previous height,; and ac~
sompanied by m mimultaneous epike-sheped trace of s sudden ex~
tonaive sllp or skld, or traces of Yoth,

LONEkD, 206 shep tike charaoter of the entry; end g Length and
step-like character of the recoyerys OUther things being equal,

it would sesm that the more profiociemt performance 1s oms in
which the subjeot Tapidly and amoothly sitaine the bank ag whish
he "intanda" bto fly the turn, and upon completlon of the turn
résuros to level attitude repldly and smoothly. For this rea-
gon ths rater msde Judgments of the characterigtica of tha onbey
and recovery., No attowmpt at sven rough quamtirication of thess
Judgmonta wes mads vhen the Genersl Desoriptlon Sheet was used.
Rough time meacuremsnts of the scst fons wers made using the Dage
Sheat but it was found, i tae courss of the studyy that these
for the megh pari reprosent wasted labor bocause the rater raraly
neaded to rofer 4o them in making these Jjulgmente.

f. L] h

Upon ocomplstion of observatlon of the sbove seven nspects of perform=
ance, the rater masigned an over-all rating of the subjects periorm-
auce on the five-pcint scales Very Poor, Pgor, Average, Googd, Yery
Go9d. Although no stendard weighta were asgigned to individusl iteme
in obtaining the final rating, the following gonsyval principles

‘guided the ratsr in waking an over-all Judegment s

a. The absenss of the "oharmctoristie™ effechs dus to hitting the
prop-wach wes given very little weight in making a rating, for
sevarel ressone;

{1} The absence of theas offects doer not nocessarily indicate
t“hat the subject did not hit his prop=wash, although their
pregense almoot invariably indicates that he did.

(2} It is impossible to evaluate the fact that the subject did
nok hit his prop-wesh other tham to nots thet he changed
altituds or did aol approximmte s perfact c¢ircle in the pat-
torn of his firet 3607 turn. T4 caunot be steted how much
hls altlsude changed, or in what dirsction; or in what man-
ner the vatiern of hls 3600 turn deviated from a perfect
sirole. The ues made of Item o was therefors vory restricted.
Pressnce of prop-wssh affects wee congldered evidence that
the reting must elmost inevitably be ons of the upper oate-

gorissg but nbssece of pap-wmsh effecte waas nat intsrpreatablo.

b, Ifem b, the devistion of ths mbtjsol ‘s benk from the prescribed

bank, wee 21so given ralatively llttle welght, for several reasonas.

The firet of thess is the woll kunown inability of even expert i
Iota io astimsts sorrzetly un attsined angle of bank. The secoud
ig that ir the sgiuyal perfomance eituation,: deviationa which lopy
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largs "en paper” Wouid sowid Le e 58 winor scotusl lmportancs.
Rather large deviations (up tc 1U% or 159) were therefure trseated
ap nagilglble, Deviations greater than these valusa wore viewed
3 dedblta to ths parformencis dut the deblt was not oonsidered of
ma jor importance unless ths deviebior was in the region of 25-
30%, at whioh poiwmt the subjsct’s bank would approach the range
of shallow banks. Thz vhief uae 1mads of thie item was to "place”
borderliine casen.

0. Jtems f and g (ispgth nad choaracter of entry and recovery) wers
egaigned about ths smze lmporitmmoce as Item b and were treated in

vomewhat the mams mannsrc; i.e., Lhe “olassea” were rather wide,
Ths bast eolry and reocovery were aasumed to be those which wers
rapid and fres from stops. Rathsr wide diverygences from such op-
tical performance wers allowed withouh esslpgning the performanos
& doblt, and converasliyv, che ovcuirsnce of the eptimal forma,
while viewsd a3 contribebing tc the sxcallence of the performance;
#ap held t0 be of leps importanse that Items a; ¢, and ¢, dip-
ougsed inmediately following.

do The items welghted most heavily ware g¥ei=all fluotuatioen in bank
(Ltem a), dintormittent ("slde=-breside") fluctumtlon im “proper”
bank, (Item o), and lutera) balance (Xsem ). These vare viewed
to be of about egual importmnoce.

In tihe case of letersl baleuse, slipplng und skidding were
hold to Be squally bsd,; and the oscurrenae of & slip or skid in
gne of the thres asotions of the turn was held to be neither more
nor lses ¢bjectionable than ity ocourremoee in snother ssction.

There ia s rather widosspread tendency to smphesise the fsult
of alipping in the sniry (mors than skiddiag}, and skidding in the
recovery {mere than slipping). This emphasis seems to have arisen
from casual {i.e., uncontrolled)cbgarvation of tha reputed "leads
with elleren® fauli of the Lagloning student, This differential
cmphasiz might he jastified in a study of soordination of pllot
regponas; but need not be coneldersd in a astudy designed to svelu=
ata performance iz terms of flight attitude,

In addition, it was not thoupht nesesaary that the ocommonly
ascapted view of the =lip as a "safer" fault than the skld be
taken 1nto aceount. Such discriminetion would ssem to be halr-
splitting, partioularly in view of the nature of the rating pro=
cotdure.

5« The finel rating on the five-point scele was then asaigned Wy "balenc~
ing" sll thess items and oxpressing the rseult as an estimate of the
over-all excellence nf ths performarne,

B. A Conpigtent Error ip Mekinz Lhe Nualitetive Ratlngs

1. At the tims tho qualitetive annlysis was being made, the investigation
of the capabilities of the R-5 Ride RHwcorder was etill incomplote. In
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particular, 4% head pol bean detsrmined whother the latsrel imbelance
traces supply an mocurete meesure of ths angular sxvent of slipping
end skidding. In making the guelitative readings,; however, it was
decldsd to agsume that the iruces did measure ihe extent of slipping
and skldding in depgress wlthoul exceosive srrer.

2, The sssumpilon was made hscausc, given the actusl slip or skid ungls
in dsgroea end the angle ¢f "proper” baak 1n degroes ?&B dorived
from the loed facter itresse), it im poasible to determine ths astual
bank. AL {that time, the actunml bank wes belisevad $0 be 3 mere meane
lugful and usaful Stexn than the "proper™ bank, although data om tha
latter wore move dlrscily avallatle, since the actual bank al any
pelnt in tho turn ig determinsd by eddlug the s8llp sngle to, or
gubtracting tha skid eangle from, the angle of “proper" bank.

3o 4Ag dssorlibed in the 3Jupploisuiel NRepoyrd, however, both the aazumg=
tion that tho leferal imbalspse tracce ageurztalyr asasure the angles
of slip or skid3d and the belief that the actual bank i3 prefasrzhle
to the "propeor™ bankd® g an indicator of pilet skill were shown
to be false uws & result U furiher investigation of the RB-3 Eide
Regorder. Tho readings of astual btark, therefore, ae uvzed lu itszy
& end by have an errcr due to the ueo of anguler raadinge of alip
end skild ee doerived from the lateral imbalance irecaes. As siplrinel
in the Supplemoenial HReport, these ercore ere of unknown masndiude
and no corraxtion ims thus poseiblo,

4, ¥heun theao faglu wore dlasovered, it was necegssry to dstermius in
vhat manner they would influonce ths resulbs of the qualltative
rendings. If At could do ghown thet tho ifams dsrived from the
srronscup astual hank did rot differ mstsrially from thoese dxrivsd
from the more aconrate and useful “proper” bank’ the resulis would
bs mocspiable, for the overall ratinge glvsn to the gerforemnce
would bo ths same in elther casso. DBy mesnse of a chucking wrovsure

')
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Pagss 32-33

Pages j0-12

In oomnedldering this problew, 1% was enticipated thet even 1f the trve satual
berk values and “propes” bany valuse &iffsred materially, the srronscus
agtual bank valuss micht Be gloser to ths “proper™ bank wluos then te the
true actual bank value,

The pature of the orror in anmy erronscus asctusl bank value is suoh tauut this
value lies botweon the "proper” besk valus and the trus actuel bank value.
{The orroneocus angular valus of sllp or sild supplied by tho latersl inbalance
tracss ie elways ameller than the true elip or skid velue.) (Ses Supplemsabal
Reports page 185,)

Thus, in &adding an erronsous angular valus of #11p to, or wublrooting an
srrongous anguler value of gkld Irowmy a walue of “propsr® bank. thers is alsaym
obtalned an erronsous valus of autuel bamk which lies betwasn the Tpreper® bmng
value end ths true eoftusl bank wlue,
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eutiinsd in dppeaadix C 1% wes lound that thers im litils likell-
hood of & material differeoncs between the over-all ratings ob-
talned using the erronssualy computed sctunl benk and the over-
all retings, that would have boen obitalned had the “proper” bank
bewn ussd,3 hecause the actual baek, as computad, tends to
approximate the “"proper™ bank,

Go Ouigtending DAfficultiles in Arriving at Ratings

The wocess of making qualitativa resdings snd ratings, as
statead azbors, wae o2f orurse zubject to0 the limitationas of the
inatrumsuts henos it met wll thoes diffioculties sncounterad aleo
in naking the quantitatlive determinsidoms and outlined in the
Supplemental Hevort. Foilluwwing sre bhe majJor difflculties en~
countersd im the gqualiizxilve snalysis,

1. & minor lnecnviniense in reading the reocords arizes from the
noceaadty of ucing a transperent goale to syachronize the
trageas, Though this precsdure dosg not ceuse great inoon-
venisnee in the labvoratoery; this would undoubtedly be magail-
fisd in fleld uee at 2 vrdinary eirport. Frovided the bank
items are dorived from the "proper"” Dank, the asven items
noted in the quelitetlive analysis may be obtainsd with 1lltile
neasesity for using the scale, but 1is uss is necessary vhen~
svar it iec desired Lo oynohronize {races.

2. 8. Tas determination of asperation polnis beiwsen the three er-
bitrary divielons of the 7209 power turn {estry, turn proper;
sad TeGOVEry) preecnis o major diffioulty. In many osses, one
ar hiath of theea peinta is ambigususe This dAifficulty 1a 1l-
luasrated by the lofy turn of Biste 1, where either point 2
o poiat b might be takea to terrinete ths eatry, Other less
narked exaxplsa may be nated in eeveral octher platea,

be Cbvilousiy, the paiut selscted wilil influsuase ecoveral items ine
olndsed in the bagzes of retimge. Pul It is to be noted that the
galsetion of o letor {and highsr! point a3 the termination of

- A T L wan Ao

It oovld heve baen deeirabls te ropaat 8 sst of readinge and obtain ratinga
valng "proper” bauk and cervy through a shublstical cooparicon of the two

osis of ratiegs. Thie progsdurs seemsd impract lesble, however, baoause of

the osertainty thnat unbiaszed resulis could not be obieined upon repetition,
owing t0 the raier's insreasing famlliarity with the recorde. (See psge 42.)
Herscver; esvialin of the statiotiesl comparisons would hardly be affectsd

by the poasible errsr; however large: nzmely thoss comparisons botwosn vare
lous sebs of ratlaoge. gli of ehich wore made by using sotunl bank., It seemed -
poseible that compunrieons of ratings with $the pliotestatus indicss weuld be
affsatod, dbut the avidenas prsssnted in Appendix C indlcatss that the effeat
cen be disregardsd. In comparisons of ratings with indioces by means of 2 x

2 end 3 x 3 tablea, olassso of ratings vere sombined. The likelihood of @
material differsnce in the results had the ratings been made using the "pro=
per® bank is even elighter 1n these ocasce.
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the entry wlill elways tond to lmprove the proficiency-judgment
made of over-all fluctustiom in benk, intermliitent fluctuation
in bank, and deviatior of the proper bank attained from the
prescribsd bank while, at the same hime, the judgment of pro-
ficisncy of entry with rospast to leagth and step-llke character
iz adverssly affected. Conversely, selsction of a later {and
lowsr) poindt zs bthe origir of the recovery will alwaye tend teo
lowsr tha preficleany judement made of the#se three bank ltems,
ehila &t the sams time 1t 711l raise the proficiensy judgment
made of the iangth and step=like charamster of ths reccvsry.
¥henever anmbiguous cases, such as those Lllustrated, wers en~
counterad, due account was tsken ¢f the abovs facts, Thus,
aven if different ssparation points wers selected on suooceasivs
roadinca, the poesibility was known end sconsidered im making
ratings. Thisz sompenseting procedure, while minlmizing the
possible affacis of the ambiguity wekling for variation nsver-
theless lnoreases ihe difficulty of assigning an approprisie
over=all rating in cush cnaee.

Thes reter experienced somewh:h mors difficulty than had hsen
anticipated in translating observed socale wvrlues of load facter
into acgles of bunk. As an aid in the procegs, he used & rough
table {Tabls ), Fage 28) on the first sets of readings. On
lateor aets, reference Lo the table was ordinarily unnecsssary.
Pespite ths fast 4that tho bark vsluza can be memarlzad seasily,
the chart would pe definitely improved for uge in the field if
it were sorled in veluea uf "proeper™ bank rather than salusz af
load faotor. For a further diacussion of bthis rscommendatiocn,
L4 g Baport, pagen 199-200,

& sorallary difficuliy is szxempllified by the wvalues in the col-~
uma of Teble 1 headed "ZleX". In interpreting the observed
curve of leed faciar Az a ourve of "propor®™ bank, it must be
remepbersd that thls ®propesr” bank surve ie not "plotied” on
linear coordinates, The X - aris (the horimn¥al axie} o lir-
ear, being sealed so that sgual snart unlts are aqual to

equal time perioda. But the Y - axls {coneideriag ths curve

ng & curve of "proper® bank) le trigonomsiric, and squal varti-
cal chart spaces dc noi rspresent squal angles of “proper” bank.
The angular value of each vortlceal gpace le greater in the leower
part of the load factcr scale than in the uppsr part. Thus,
variations in load fmeter of equal shart magnitude do nut re-
preseat equal variatlons in “proper® bank. Ralatively large
curve ohanges ir the uppar part of the soale reprssent ne greaier
varlation in "proper® bank than relatively small chaages in

the lowsr part of the gcela, This fact makes difficult simpls
vizual comperison, or "pathern® somparison, cf records having
load factor ourves in 4iffsrent parts of the geale, Unless this
pituation is wcustantly borus iu mind, the estimnte of any perw
formancs will 2e erromsouz. Sealing the load Factor chart apace
in angles of “propsr®™ bank would minimize this 41ffloulty, A& read~
oy unfamiliar wiik the records may test the axtent of this ALffi-
culty fes hilmgel? by semparing the load factor curves in Flates
I¥a -« IV, with the eid of the above tsble.
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37 This tebiso was prenara2d as followsy

Tha velue of load fastor in g wze oblialned for each of the above chart
linse, The tasa~line inmdleztes 2.05 z or lzsz, osinee the reetraining epring
of the poaslerumzter wme el with no lnitial bansion of 1.05 g« Baoh addi~

tional 0,10 3p. helpht of trnce = 0,19 zddit ionad £y by stetle eallbration,

The waliuve of ol corvespooding to cach valus of lsad faator was thom ot
tained acoosrding Lo tho relationm:

lozd fmvior = sso

{306 Supplemeriel Roport, pagslal)

The column headeddA gives the sbsolute differense of smoh "proper” bank
fales from ths sna presading, The firstZlo velue of T2 and the last valus of
19 are et the values ¢f whole voriisel clhart epases (i.e.; the distancs be~
$woon wrinted chart linco) as wre the ctheor weluss,

ne walue of T° reprezaste appreximately the first halfwspmoey since the
%rua bago-line of a8 loed factor irace was mpproxinetely half-way beiwsen the
prioted 1line which should have besen the base or 0 line; amd the first printed
ling,

Thia loeation of the trus base~line alsc ocaused the top axtreme of the
senles to fall uoh on the toemth prianted lins, bul apprazimetely one-half spacs
boyond it hemoa the last Javalue of 1° ropresents approximstoly the last

halfespsce, =~

o



5em. Diffisulty im escorisining whebther the subjsel emcouniered hia
prop~tesh hLas boen mentioned, Although cerialnm “ohareaoteristio”
s?fects of hitting the prop-wash-> are readily idsatified in the
records; thev do not invariably acoompany hittimg the prop-waeh,

Pietes 1V, . for example, exhilbiis no elgn of thess of-
frats although in this performance as »2ll ae in that of Plsie
iV, both tha pilot and the sascmpanylng obrerver ate

testzd to the fact that the prop~wash hed besn sancountored.

5:be The absence of 3he particulsr effeots doss mot neceasarlly denole
thot the subjeat failled te hit hip prop-washi meither dees their
pressnos lpwarisbly deoncie that he did, for the partioular ef-
fosts might bs prodused by sther events sg Well; @.G.» &0 ancoun~
tor #ih o wiclent gust or "buamp”. Frasencs of the effecis, how~
avor; mey be teken ra evidences of hitting the prop-wash, provided:

(1} Tne effects oasur approximmtely halfway through lhe maneuver
(1.00¢ ab the ond of the firet 3007 of ths turn)a

{2) The "proper” hank in the first 360° 42 nct very varizbley
stherwise the pllot’e rate of turn would have warled and the
flight pesth would not have approxiwated & perfect oircle.

{3) There iu not ouok slipping or skiddimg in the first 360° of
the turpy reavliing in sizeable changes in altituds.

kpplying these provisions, it is pomsible to Judge with =
repocuable and practioal degres of certainty whether the effscts
rsopregent hittiag the prop~wmsh, or shether they should be suspsoi,

5. The rsasons for suen vwide dlvorgencas in records of the ssme svent
are disousssd in full in the Supvlememtal Repvort. pngesléd~171, ghioch
present a detailed considsration of the offocts of prop~wash on the
R Ride Bnacardsr records.

0.2, Anothor 3ifflcully wns the osccaslonal caourrencs of recordse
cf perfommances Which wore outstandiangly geod in cariaip re-
speots; bubt fairly paor or very poer in others. Sudh a "weed"
parformanos ie rsprodvced in Plate IX1. ALl tho bank items
o' this performance weuld place 1t 1la the Yery Good category.
Tikewisa, Lhe osoourysnos of prop=wash effects would tond to
plase it in the satsgory of Very Goed. Ca the sther hamd,
there soowr an exbtenzlive initial sllp and exiensive and pro-
lonﬁad clip lasting ~lmost for the duratlon of tha seoond
360Y of the turu, The latersl balancs performans® sn the esoo=
nud 360% 42 in the Poor or Vary FPeor enbegary. The rating

- L a8 M Bk 1 SATIES i ' ' e s ) ST
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38 Illusirated in Plage IVi.

39 Kltitude changes resuliing from slippiig or ckidding might bs offaet by elimbing
of divipg in some ingimnees. In euch inetandces provisicn {3) would not hold,
1.245 the effccts might astually boe proprwash affects despits extznslve glip~
ping or sklddiag, Fallure to attridbuis the effects to prop=wash in such instan~
¢oe, howaver,; would not eeem to be m aerlouas error:

o
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finelly gifen'in both rsadings {(Snries 200-Dz-=l and Series 200-Cdl) was
Vory sogd, which; however, is highly questionhble,

Another "weed" performense, though not auch e marked exemple; is repre-
sented by ihs right turn of Plaie 11, The bank here is almced as vari=-
able as will bve encountored, With reospeoct to both over-all ard intermite
tomt flustuvatiion. Only in the 4ot part of the mamsuver did the sube-
Joct epproach the prescribed benk. Yet a lerge section of the Surn le
in good or fadrly good bkalance, The retinge given this performencs on
separste readings weret Pgor; Poor, Poor, end VYery Pnor. The lof¢ tura
imnedietsly adjacent would probebly be rated ot lesast Geod, if not Very

Good.

When the presence of bumpy alr had been nohbsd by the field axperimenter
on the reogrd, the rater tock acosunt of that faet in maklng the judge

mants end ratings.

The "haysire® effuvet, discuaced in the Supplemental Report, pages 172175
and illustratsd in Pletea la and fby cauvesd a good Jdeal »f difficuliy im
reading end in making judgmentz, The omly posaible iresatment of ressrde
containing this affeot (othsr than disocarding them)ues to sttempt reade
inge of the loed factor treos,; coasldaring the true reading to toe the
midpolat of ths ouperposed vibration tracess as in the casses of “ngrmai®
regords, and to interpret such readings in scoordamss with the knowledgs
ef their questionable assuracy. These reserds wore treated in this man-
ners ond the retings obtained were included in trestmet of the rezulis.

The most difficult Judgment in such cases 1a thet on intermittont flue~
tuation in benk. Although the ovar=all fluotvatica velus and the de=
vietion of attalned bank from prescribed bank mey ordimerily be determined
with fairly suffiolent accuracy, the intermitient fluctuation is st beat
e gusss. JIn these cases the rater adopted the method of estimating the
slope of the trace as determined by the midpelnts of the vidbretion traces
and then esiimating the intermittent fiustuation valus from the slops,

Readings and Ratinge

The poesidbility that the ratings might be influenced by blesce wen ex-
plered. Four types of possible biem wore censidersd:

1ble Blageg in Uaking

e lIdentification of a record as belonging to s particular subjest,

b, ldontifigation of a record se belonging to a subject in e pariicular
group.

d. Reonll sf x rating previously wssigned te a resord,

ds #alo sffeut resuviting from sasual examination of osiher mansuvers oa
tha record.
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Gonsideration of ihese blaesc, as dlscussed in Appendix Dy resulted in
the conolusion timt the findings of the gampls qualitative ammlyeis are
negligibly influsnaed by ths atove sources of blas. with the possible
exoeption of cemparisons bvetween enrly ratings and repest retings dy the
game method. The possible influence of blas in such test-retest relia-
bility comparisons is disousnad in ths seciion on Regulie, pages 42-43,
Discussion »f these sourcea of bimz bellevad to be negligidle is found

in J‘lE pe g;ﬁ 2

E. Helation Betweon the Iwc Raiing Msthods

1,

24

Although all the items listed and disoussed on pages 21-24, incluaive,
s basen of rating were to b= uzed in botbh tha Dats Sheet and General
Desoription Sheet rating methoeds; ii was origlnally intended that the
Uemaral Dsscription Sheets would contain little detail snd that the
Judgments would ba noted in genersl desoriptive terms, while use of the
Dets Sheets weould involve a more detalled analysis with rough quamtifi-
cation of the data. It was furthermore assumed that the proceas of
meking rough quantiiisatiuns would be more diffiocult and would require
more %ime than vorbel desaoription of thease tieme.

Theee assumptions wers borne cut in the amne of Itemd (laterel im=
balance) and Items f and g (length and steplike sharacter of eniry amd
recovery). Practioce with both methods soon rsvealed, however, that it
actually required less tims and that it was essentially an easier task
to record rough quantifications of bank items {ltems &y by eaund a) than
to employ verbal desoriptioms. Such rough quantifications of bank
items wers therefore ueed in completing the Gonersl Description Sheat
a8 wgll as in completing the Deta Sheat A0 Ty other words, early in
the oourse of the gqualltative analyels, thure same about a merging of
the twe mesthode, with the result that the method involving use of the
Date Sheet diffsrs from the method involvirng use of the Gameral Desg-=

gription Sheet in only the following respects:

a. On the Date Sheot, estimates of slipping and ekldding (item d4)
were axprassed as rough quamtificationa in terms of chart soale

unites while a verbal statoment was employed on the Genera}l Descrir.
Atdon Sheet .

b, Rough measurements of the length of the mansuver, sutry, turn pro=
per, and recovery were made on the Data Sheet, and were omitted on
the Genera) Demoription Shaet. These¢ timo measuromsnts were made
primerily for use in evaluailing ths record with respsot to ltems f
end g (Longth and steplike oharacter of the sntry and recovery, re=

40 It waa recogniied at the time that this practice would eliminate an essen-
tial difference hotwasn the two methoda of tresting the bank items. The
point 1n question, however, was not the value of wverbal descripiion as
against rough quentifioation, but the velus of & pimpls mathod as againegt
e falrly oumbersome methode, Since rough quantifiocstion, involving more
"detail", proved to be less cumboraome than vertal desoription, to have ex=
pressed the items vorbally would in effect have posed and ansvwered an en=

tirely meademis mad impracticsl Queaticn.
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spsctively). Tho rater, howsver, found it largely a waste of
time t0 make these time nmeesurements, Sinne they were uged
only in sonjunotion with another datum =~ steplike character

of the sntry or reagovery -~ a sizgle inspection would tmke

both aepects inte account and result in an estlmate of the pre-
ficlenocy of the emtry or roocovery. He continued to resori the
time messuremants, hovever, aince it was desired to retair all
the dotsil possible on the Data Shesta, and to use thsm in da-=
riving hia estimatee of Items f and g. '

o T R i s R

L
Cia L

7z 3. Theze sotual differances batwsen the two msihods are evidenmtly ncot

) very great, Indesd; efter resding a very few casas with the Guner-

al Demeription Shesi, the reler was able tc nolemore conveniently

by this metkod informaticn containing es wmuoh ueeful detaill as tlms

- obtained with the Data Shegt. In effect; then; the two methode short-
: ly rodueed to one, For sll practloal purpcoses, ir the considerstiion
of findings, thoy may be viewed ae snslogous 1o perallel farms o
tesgts., :

e

PEIFES

1. The qualitative analysis resulted in six aete of ratings identified
in the following discussion me Sgries 300-Ds-1, Series 200-Gd-i,

Sarggg 100=Gd=l, Jeries 200-Us-1, sSories 3100-~-Da-2, and Series 300~
Gg=2. Theae code numbers are interpreted az followss

S e

OO UL LU A

a. The first digit indicates the order of the flight. JSeries
"200" represents the sacond Flight C) end Series “300" the

- third F gl. Recorde of individua) pilots in any given

: serise (as ehown in the protccols in Appendix A) are identi-

g fled by the nexi two digits, ‘

o

b, The two letters indicate the type of rating method used, "Ds
repreaente use of the Date Sheet and "Gd™ use of the Gsnersl

Description Sheei.

¢, The final digit (™" or "2") indicates ths firet or sesond
reading of tho series by the specified method.

2. Acoording to the above sodlng methods Jode No. 3IC=Gd«2 would be
interpreted ma the third Flight C1, dubjsct YNe. 10, General Dasz-
3 eripticn Sheet = gecond reading.

B, ﬂ atigtical Trestment

1. The elx sein of date cbtained by the reting procedure were studied
in order to determina: .

PR TUNEN

In the order obtainsd by ithe procsdurs describsed on pages 18-20,

e 5 1d e e o
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3+ Ihe extent of agresment betwesn the tws methods of ratingg
be The test-retest veliabiiity of emch method of ratiney and

©. Ihe rolsjionehip between the ratings and two

: ] _ FE g
manoe oritorias Pilot Stetus Indices 1 and 2.

perfor-

2. All comperisons tock the fora of testiny for association betwsen
t#c given distributicns of variates arcanged in a contingency
teble.42 1In evnlu&tin5 the mesocintion beiween % he two distri~
butions eo treated, X € and the oortirgenoy cosfficlent G, ars of
primary importance. Both those sintistios are avaluaeted in tsimg
of proubebility ps which is in turn dopendent on thes nuuber of
degrses of freedom n. The following comeiderstlona guidad the
interpretation of theso two statiabices®?d

2. The larger the dsviation of the observed frogquenay from tha
thoorstical "chencs” frequency in each 031l of the acntin-
ganoy teble, the largar iz the value of x? and the lower
the vslue of p (for any glven number of degraos of fresdom),
Low values of p then indicats low probvakiiity thai the
agaoclaiion betwosn tha two cobts of varlates may b atiri-
buted to the chance {luoctuations of readow semplingi in cther
worde, they indisste that Lhera exlpts n sienificant saanc-
sation betweou the two wets of variates.

be  The vulua of p for eny given velue of X2 depende upon ths
velue of n, the number of degrees of freedom. For any givsa
c¢ontingency ta%le, sevarel veluss of L may be weed; depending
upon the conditione sttzehed to the hypothesias one wishes to
teat,; a8 followas

(L} Parhape the moas commonly employsd value of n 1s thst
value equal %o the product of (g = 1) coluwns and {1+ = 1)
rowe. Petesrs snd Veorhis* haye recanily pointed out,

nowsver, thait use of this value of B onteils the provie

&2

43

44

T -

The dlmensions of the table wers 555y 3x3s or 222, dse progedurs, pagea 10.20.

Although thess corsideratious era sslf-svidont to the tschnigel reader, thoy
ere nsverithsloss included (1) tsosvoe of thelr possible valus to the none
technloal reader and (2) becauss or tha spsoific significance of the dincuge
slon referring to the velue of p. '

Poters, ¢. 0, & Van Yoorhle, W, P, Statiztical Froiodures and their Mathume-
ticq&ﬂgaaee. Rew Yorks MoGraw-Hil: Rook Gaes 1940, pp. 612414,
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sion that the marginal subtotels of sech row and column
in the contingemoy table remaln fixed from sample to
sample and that this fact resulte in & resiricied
utiliity of the p value bassd on this valuo of n.

~dpeclfically, thie p value refers not to all random

samplea of the sams N, but only to that series of
semples of the same N in which the marginal subtotals
remeain constant.

if it 1s desired to consider a seriss of semples in
which the marginal subtotals of both dilstributions

are free to vary from eample %o sample, i.e,, the.
generel cese, the valus of p 1s equal te the total num-
ber of celle minus 1. Hers the one degree of freedom
is sbsorbed by Ny the total population.

In thiazstudy it wao not thought deairabls io inter-
pret X and § in terms of that p value obleined
usiign = (k = 1) (£ - 1)s 1n all comparisons, one or
hoth asts of variates ere diatributions of ratinga.

(2) To uze the value of n = (g =1 (z - 1) 1n the
aane of a comparison between two distributiome
of ratings would entail the provision that the
frequency in sagch category of the rating scals
of sagh distribution (i.e., the marginal sub-
totels of sach distribution} would remain fixed
from sample to sample. For example, the value
of p corresponding to n = 16 (1.8.y X = 1 times
L = 1}, in the oass of & 5x5 table between sets
of ratings indicates the significance of the
aggocletion betweer only those samples of rat-
ings of the particular flight in whioh the rater
89 _g¢lsanified the performances that the number

falll gach 9 af the rating acale
would be the same, sample after sample, for each
respective method of rating. It does not indi-
cate the significance of the assoclatiocn between
thosas sets of ratings in which the rater might
pleoce & number in emnch category different from

/ the number he plpced in each of the ssts of ret-
inge for which waas oomputed.

(' To use the value of n = (k-1) (r~-1) in the case
of a comparison between & set of ratings and a
digtribution of the subjscts according to either
Pilot 5tatus Index would similarly entail the
provlsion thaet the frequency in each



uaﬁegnryéf sf tho rating aoafa and the frequensy

in snch sategory of 4he Pilet Status Indeax (f.e.,
the marginal subtotals of sach distribution) ree
rein fixsd Irem sempleo to sample. For example:
the volus of p zoxresponding %o g = 4 {i.,e.y k-1
times r=1)s in the aaes of a }x3 tuble between
retinge and Pilot Status Indsx 1, rofers only te
that serize of samples of tho amme H as the glven
gemples in which the freguency in emch caiegory
¢f the Pllot Status Jndax (L.0.; ths iarginel sub-
totzla) 1s the seme, and the freausncy in each
merginal sublbotal of thes Jdiatribution of ratings
is the seoms.

{4) Yn all oomparlsons it wes thought mors im acsord with
the demandes of the gituveticn Lo nonaider 2 serieg of
samples (of ths zsme totel popalation) ia which ths fre-
quensy in sach wmtsgory of tha ratlne scale (or Filod
Statue Indem) was segumed 1o be free to wry from semple
to szmpley n was therafore takasn to bs equsl to the
tota) nvaber of cuile minus 1. The p value for X* cor-
ragpouding to this p waw thersfore used in interprat%ng
the colmparisocans prezented in Tnbles 2, 2, 4. and Q»‘

Yalues of G, the contingsney coeffisiant . ars inocluded
%o dndicate Lhe apount of nasocilalion preseni tetween

thue {vwo seils of varlates consldered. Hsw values of §

wars corracied according $o Pearson and Heroa's proce-
duz-ur;"i'r This preeodure involves two corrections: one
for (he number af culle,whkich tends to lower the raw

R ST AT

Ty
s
Sy

Ur; in the oage of 3xd 4ntles, slasegosn Turmsd by combilnation of categoriea.
In comparisons of retipgas with Filot Statoes ladex 1, which haa only three
sategorios, ratings of "ery Soad" snd *G094" were combined to form = class
salled "Superier” and ratings of “Vary Paor” and *Foor"” were combined to
form a clems sl iad "Infsrlor.” The froguensdes in the cateyory "Average®
and the slwsgsp “Suserior’ end "Inferlor™ ere therefore ihe mesrginal sube-
tohals, Filot 2%ns Index 2 had five asategories.

Excepl in the nase ol Zx: tables; the velues of p correaponding Lo g -
(g - 1) {z = 1) avs ingiundsd 1h tke tabulstad results, howsver, for the
csonvenience of readers whe employ the nors coaventionsl walue of n and may
wilsh to interprss the resulis in Leros of these corrosponding 3 values.,

Peasxson; X,, 2 laosnn, D, Im Lheoriea =7 aspeclation. Elomstrika, 1913,
?; Pe 21780, Alaw Kelley, ™¢ L. Statisiicsl Lebhods Yew Tork:s Mackillan
G0ey 1924, p, 265 i1,

#®
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va b e aad 47 Tul sa2 Tlaoadpoass” ef calwogriss, @hded
tends to rodosw Sho raw veluve. The latuor sorrectlon was
rads vith Lhe uss of Leblsd velusa.™Y

Co Pregentsation of the Results

Regults sre presented ir tabuler lorm. sach table includes for
sech comparison the value of N,%9 the valus of X%, several values of
g for this X? value, the raw value of the sontingency coeffloient,
rev G, end the corrected valus of ths comiiagency coefficient. cC.

1. Compsaripons of Retings on the Same Flight Ualnz Duta Jdhee} and
Geppvel Daseription sheot, Hegpechively.

m. The results presented in Tshle 2 wers obtmined in stepa
L to 5 of the procodure. .

b. Inspeciion of Tshls 2 reveals thet in the sawe of euch flight,
the probability that the mesooclation betvsen ratings made b
the two methods may be atitributed to ohance is below tha S%y
lovel of eignificance., The gignifiocmnce of the associniion
iz demsneiratsd both in the case of caloulatlions mede by the
vae of 5x5 continpenoy tebles and in the case of saloulations
wede by the uge of 2x2 tables.

In evaluating the 2xtent of tha assauiation, interpretation of
tha aorrectes valve of § is alded by the knowledge that in the
case of the compesrisons presentsd in Table 2, the divergenge
batween the rating of any performanne by one method and ita
rating by the other did not exceed one category of the five~
polnt ascala. This ugreenent and the velues of corrected ¢
inddcate that the assoclation is of high degres. -

¢s As indicated in the precading pages this high degree of asso-
vletion may indlcate that the procsdures of the two mwthods

48

Obtainabie in Peters & Van Toorhis, go. eit. (Table XXXIIl)

43 The velue of N %in all compariscns invoiving watings of ﬁ@rformancas or the third

flignt {all eeries the cods numbar of which has "3 for the first digit) 1ia

28, On the second flight, however, one of the studeuts, Lhrough e misundercvtand=
ing of instructions, made medilum turns inatead of stsep turns., His record was
diecarded, Henze in ali comparisons involving ratings of performances on tha
seocnd flight, ¥ =2 27, No records were dlscarded in making the quaiitaiive
readinge on scaount of ilnstrumental deficlences, such s the "haywire" effect

in the losd Zantor trage, or vibraticne traces in the lstersl lmbalance traoos.
Tha rater of the reoords mede “olinical aliowence™ for inetrumental defisisncles
in interprating ani rating resords whiech showed such deficiencies. (Hee page 30.)
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g2 Raw .
Batwesn = X i %ﬁggélah. ?nﬂg4) g 8¢
Ratings, Jeriss 200-Da-1 | 27 3%?*@“‘? 012 L025% < 0T [4eT0 |
& Ratings, Sarias 200 ~GE-1 i
Retings, aeriaa 300~De-1 28 41,07 | +000%F <0193 w7 T
| & Ratings, verles 300=-Gd-1 | , I i
: { \
: - - b
2.

GComparisens wads by wenrs o 2

— y [ M L

- SRS E . S, o8 e

-

biaw, discuensed in pages 42-43,

The ocategories of such side of the 5
Avernge, Goud, Yary Good.

Lo

e Y o A RS pperery

by ¢ contippeney tables

. Rw 7
Batwoen 1 x5 %he3) o el
= -~ oo - = v
Rutinge, Jeries 200=De=l 27 10,78 ] »0132 + 53 -y
1 & Ratings, 3aries 20C~Gd-1 |
H ¢
Ratings, 3evies 300~la-1 (
| & Ratings, Jeriss 300-63-19C | 23 | 16.76 | .0008 +ob1 T3

Ly 7 tobles weras Very Pooy, foor,

The results of the vowparissn of retings, waries 300=Ds=2, with ratings, |
Seriss 300-Gd=-2, are not pressentsd Looseuss thsoe retlngs nare subject to a

In reduclng the § by 5 tables to 2 by 2 tsblere, ssvegoriez VYery Psor end
Fgor wers aomblred, and categories &yerage, Lood, and Very Ggod wers combined.

!

50 The theoresiisal frequancy of oms seili of the sentingoney takle for this

somparison waa
aelle were nll grester S$hun 5.0

393, The theorstiosl frequencies of th: romaiaing three

%
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mare in fact the cem . The rater suspeated thel after amn
initial “"warm-up” pericd on each mathod,; the metheds reduced
in praciice to the same procedurs. It waa furthermore noted
that later sets of the General Neecripiion shests (the
*allaical™ method) contmined a grsat deal of detall, perhans
mors than oarly aste of the Dnta Shseta (the "detailed”
mothod.) It seans reascneble, therefore, to view the two
methode as snalogoua o two pareilel forms of & psychologle«
oal test, e long form and s short form. The oomparisona
presented in Table 2 might thue be viewed as reliability
sompariacns ..

4. ilowever, thls myy bte, the polnt of major impertence is that
#atingze may b¢ obtaianed bv & “cliniocal" mathed of notation and
appraisal requiring comparatively lititls {ime whick agrss very
wall with reatinge cbtalined by an slahkorate method of notation
and sppralsal desigrad to take into assount all dteme of the
rendrde smensble to qualitatlve ireatment, whether thla agree=
maxl results {rowm the fact that tha "elinical®™ method adequately
gslecta the significant foeatures of the performance, or from
the fact that It deplicates in conclise form the information
obtained by the longwr "detmiled" method, deea not metter from
the standpoint of iis relative utility in the field. The sig-~
rificent fuot iz that it is & more preciicsl ¥ay of obtaining
approximately the reme roiinga es the longer mothod,

2. Gowpavison of Reiiogs On Differenmt Flights by the Sams Mathod

a. The rezulins prescnizd in Tadls 3 wers cbialned 1n stepa 1 to 3
of the proaceduro.

b, Inopection of Table 3 raveals that in the cese of nelther me-
thod 1g the asacclation betwoen ratings of performances on the two
turne coneledently elgnificant. In the cass of the "detalled”
mothod (using the Duta shoot) the comparison betwesn ratinga of
porformnaces cn the i{vo filights made by weans of a § by 5 ocontine
gonoy table indicates = pigufficant mssoclationy but this alge
niflcanes dosa not hold up whon the deta are itreated by mesns of
& 2 by 2 table,

0, Faotore which may sccount for this lack of significance zre:
gl} ths verlabilily of each respective method of rating, and

%
(2) the variatility of the subjecta’ performances from flight to
£21ght

The extsnt to whish 1% 1a sitributabls to emoh camnot be isolated.:

51 The findiags conosrning succeszlve={light veriabiliiy sncountered in the sample
quamtitative anaiyels {Pert I11), us woll ns results reported by other invesii-
gators, cart doudt on ke adequacy of = single performance of a mamuver aa rsp4
resentative of the piletls proflicisney in esxeosuting the mansuver, bscauze of
subjest varietion from flight Lo fiight.
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the zacond fidabt (200 serise) with raiipgs of parformendes of the right
120° power tuwxn of tho bhird f£1ighy (30C sariss); ratings for Da
gerios ohteined by msava of the Date iheet and ratlags for
Gd gorlenm obhaiced by meanu of the Ganeral
Deseription Shest.

showdps compnrdacig nf railoge of pyeformavess of cight 1207 pewse tucn of

B

Compariscas mede by moars of 5 by continpancy tablas
i ¥ ¥

T A . T T o X R a1 A St R P Y 2 e . . o -1 . AR b i % e R % AR e et e o . o P . e T e -
i “ H i
! Betwsan ; i E ?{Z & 2 ! Raw “
5 i 1 {n = 36)i(p » 24) j G s
L T S T T s - = 3
Retings, Serise 200«Dp-L | 27 | 39.20 0021 0335 | w7 é&?éj
[& Ratinge, Saries 300-Du-l §
i t .
Ratings, Seriem 200-0d-1 | 27 . 22,56 ~1238 5400 368 |50
& Ratings, Series 300-Gd~] i
U AU § - . ) ;
Be

Conmparisons made by mesne of 2 by 2 sontingzsncy tablous

T AT Sl e BV

(XL et e -

i i e !
i ! 3 2 2 faw
L Botwesa i 7, (e = 33 G &
§ uzﬁ;%i;mfl“;:‘%ﬁi m.f;?:‘t«..d-.-.. o RN ey gy -!---—Wir
| Ratings, Series 200~Ua=122 | 27 3.05 «3851 w32 |34

% Retings, Sorlec 300-Dg-]

Retingas Series 200sGa=173| 27 1,18 o760 | 220 .33
E & Ratings, dsriss 300-Gd-l
s e S D R R it ] - —!

1

The oategorles of sach aids of
A¥zrags, Gopds Very Oool.

the 3 by 5 tebles wers: Vscy Poor, Poor;

In reduclog thae 5 by § tables %o 2 by 2 tabisa, categorles Yory Poors and

foor were combined, mnd satogorise Averaga, Goods snd Very Good wers combined, |

Eabegter 6l

|
|

——

sontingency table Zor “hia cotpmrison wers less than 5.0, The theorotiosl
frequenciuss of the remalning two cells wers greater than 5.0,

52 The theorsiisal frequonsy of one csll of tns contingeney tobls for thie come
parison was 4,01, Ths theorenical frequenaies of {he remelning three solla
wore all greater then 5.0,

53

The theorstical freguenciles (4.67 znd 4.33s respectivaly) of two cella of the
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by the sams aoihods

e 2

i; Comparisores made by means of 5 by ¥ conilngenoy teblea

¢ f !
! " R ] Jﬁa"
Betweon I (o =16} | o =24} 2 g°

E ~ * —
Ratings, Series 300-Ds-l 7 0 L0668 76

é; & Ratings, Jeries 300-Ds=-2 21 37.22 -0056 wall 13
5 Ratings, Series 300-Gd-1 0 " 4 b0 |48
3 & Ratings, Sories 300-Gd~2 27 50.02 0000 001 J-hfs 3
B, ,

Gomperilsons made by means of 2 by 2 contingenoy tLables

Betwaon 2 Haw
R R
. . - X @=3)] ¢ g
i . Ratings, Serisz 300-Ds=l )
S & Ratings, Serdes 300-Ds-25¢ | 27 | 20.26 20002 | .65 | -hT6
% Ratings; Seriess 300«Gd-1 f
& Ratings, Serles 300-Gd»2 | 27 9.96 0190 | 452 | 462

- r The oategories of each side of the 5 by 5 tables weres Very Poor, Foor, |
i! - ) Average, Good, Yery Goud.

?- I In reducing the 5 hy 5 tadbles to 2 by 2 tablea, catsgories Very Poor and
: i Poor were combined, and oatsgoriea Aversge, Good, and Yery Good were coabined.

o4 The theoretiocal frequency of ons gell of the gomtingenay tabls for this oom-

parison was 4.32,. The theorstieal frequengles of the ramaining Shree celle
were all greatsr then 5.0.
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ayious ratings, ootsd during the retest
£8adings of records of the third £iieht by sach methods

Series, 300<Dg»2 and 200=Gi=2

Garier |Not Recognized | Reosllen Recalled | Recalled Reonlled Totels
Recognized § but rating rating rating rating reting
not ra=- ZAM® BB gamny as 28NS AS differant
galiad that given | thet that gleep | from rat-
on both givan in Serisz | ing in
firat in Series{ 300-34-] elthar
roadings 300«Pe=1y | but not ] of Diret
(Serias but not in Sarise ! rendings
}=lg=3, in Ssrles| 300-Us-1
& Series 300-34-1
300-Gd=1)
300=Dg=2 4 14 5 1 4 Q 28
300=G4=2 5 10 g 2 2 0 28
L _Wm_MAmemmwﬁmMﬂmmewmmwwwuﬁ
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1, Gompsrisgon of ratings on ths Same Fiight ot Different Timep by ihe

Sgme Method
me The results presented in Tables 4 and § wors obtained in steps &,

b.

de

&g

b

1+ 85 and 9 of the procedure.

It may be eesa from Tadble 4 that the originel and later ratings of
performancaes on the right turn of the third flight ere significently
esspoiatad to a high degree, in the ocase of ratings both by the Date
Shest mnd by the Generel Dsscription Sheet. In the sans of ths ocom~
parieon with the Date Shest ("deisiled™ mothod) mede by a 5 by 5
sontirganay tabls, the p value doss not quits attain the 5% level of
eignifisence.?? The p valus for the ssme comparison mde by a 2 by
2 table, however, is highly significant. Differencez in thess twe
valuse are of ocuras due tco the differsnses in grouping between a 5
by 5 table end & 2 by 2 tabls., The correctsd value of the contin-
geney ocogfficlsnt, Gy 1o =leo hilgh in each cass.

The high degrea of ssecciation,; however, cannot be consldered finall
10 establish the test=rotest reliabllity of sither method; owilng to
the possibtle blas introducad by the rater's re-collestion of previocuns
ratings.

Before reading Sories 303-De=2; the rater had inspected aome rec-
ords of the third Ilight at least throe timess twige ia making

the firel racings by esch msthod; end in the enso of some records,
onee sgain in making quantilative readinge. Ii ls not surprising,
therefore, that lu spite of the sffert o interpolate sonfusing mm-
tarial between gucoessive readinge, many of ths previous ratings
waro revallsd. As atated iz the deseripiicn of the procedurs

(page 19) the rater noled all sages of resognition and recollecticn.
Tha results of euech natation ars presented in Tabls 5.

In the first readings, divergenoe between ratinge by aither method
214 not excesd one category in either direstion. Obviously then,

if tha reting the reader reoslled was the saze as that given to the
performanse by sither method in the first reading, hia rating of the
perforsanss on the p2cond readings, almost inevitably ini‘luenced by
this rocollestlion; ie open te the suspiclon of bias,

Congliering a cerrect recollection to be recollectlon of the rating
given ths porfermancs in the first readings by either method,; there
wers in the casa of Series 100-Ds~2 ten correct recollestions; 0
incorrect recollisetions, and 1% non-rscollestions.

In the case of sories 300-Gd=2 (readings of whish were mede after
roadifizs of seriles 300-Ds~2}, the possible contribution of the bias
is evon greater; az indicated by the fast that thers were 13 sorrsat

55 Ratings of 3 parformandes on the Tirst reading differed from ratings of the esme
parformansss on the sacsond resding by two categories of the five-polnt scels in
the ocase of this compariaon., 411l cther ratings in the comparisoas presented in,
Teble 4 sgrosd within one catapary of the soale,
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rocullections, 0 inaprrect reaclleciions, und 15 non-recol~
leations.

ke The corrsat resollection of previcusly assligned ratings la
itself opun to divergeant interpretations, however. In some
cazes, the recoliection may actually be due to the stability
of the mothed of rating, for a consistant provedure in
rating a given record may itself be the olus prompiting regall
of n previously essigned rating. In some instances, also,
the recollectlon of a previous rating could hardly have in-
fluenced an aeseligned rating because the assigned rating was
obvicus, Among suoh cases are the "extreme™ ratings, whiah
Mfit" the ontegories of ths scale so wall that therse could
hardly bs any displacement from reading to readlngi e.g.»
"Yery Good™ turns ir which the gubject maintained a oonsis-
tent bank and hit his prop-wash. It seems likely, thersfore,
that the bias did rot operate so extensively as Table 5
wvould indicate.

EN GUMMARY » Summarising the preosding dissusaion, it is found that the ratings
_ g which are oonsidered essentially m shorisr
‘and longer form of a pingle method) srs conaistent, MNoreover; the re=rating

glter a ;égaé of time of gga pams_ flight by the geme method algo proyes to'be
atatlsticall onglsten hile it has seemed desirable to dimcuss the possible

effect of pgrowing famillarity with the reaords upon the consistency of re-rating

he s metho it nevertheless peems posalble to_conoluds that the pregump=-
tive ev%genaa favors the position that re-ratinge by the game method, as well as
rating by the twe methods, give relisble eatlmates of performance on the Right
720° ower turn.

4, Comparisons of Ratings by dagh Method with Other Flight Performance
Critarim

a. Treaimsnt of the Ohio ijtete Check Liast

It wes orlginelly Intended to compare ratings with criterion
data obtained from & acering of the approprietes sheet of the
Ohlo State Chegk List whioh the administering instructor filled
in during the flight. Because of omissions in completing the
Ohio State heck List, however, and for other reasonz stated
fully in Avpendix E; it proved lmposeible to use the Ohio State
Cheok List data for criterion purposes.

b. The Pilot Status Indices

{1} The date finally used to supply extermal criteris include:
{=) the liconse status of the subject (L.e., whether stu~
dent, private, pilot, or instructor) and (b) the fiying
time of the subject in the Aeronca tandem trainer (the
test airplane). Pilot Status Indices were developed from
these data, which are presenied in Table I, pages 135-127
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(3a)

(3w}

(4}

~44-

Piiet Status Index ] clssaifies subjeote inte thrac
groupe in the following amcending progression: (n)

slamentery agtudenta, (b) private pilote, and {s]
instrugio chs

Raference to Table 7, pﬁgﬁ3125-121§xhibit I,till I B LT W
peveral shortoomings of Lthls lndez. One of theaze is the
rathor emall difference in flying time dbetween ceriain
studente and private piiots. A sooond 13 the reiative
heterogensity of each pgroup. A third is the faot thub
the index sonslders omly flying time par 8¢ and znot Iy~
ing time in an airplevs of thse same maké and model as
the test airplans.

Soms of tha subjeots hkad all thelr C,P.T. training in the
tost mirpleanse, an Asronca tonsdem trainer, but othels

had been trainsd ia Plpor Cubsz. Acsordlag to meny pllots,
there is sonslderabls difference in the flight character-
iaties of these two airplanes, The one or iwoe practise
filghte in the test ghip, given studente end private piloue
wheo woere unfamilier with tho ehip, wouwld hardly sesm to
glve sufficient time for mn inexperisnced pilos 1o “vateh
on to the trioke" of an unfamiliar alrplisne whiah, agcord-
ing to akilled pilots, is relatively hard te [iy. Thias
handicep would seem to be emhanced by the fact that all
the flying fims of the studonts and private pilete 1n the
Aeronan tendem trainszr wag in the partloular itest plane,
Subjecte traeinsd ia thie plane could bs expected ic have
an edvantags over cther subjecta with raspsst to insrledge
of the peculliaritina cf the lndividual airplens.

Boctuss of theae faaste, Fllot Stutus index 2 waw developed,
This lndex takes inte consideradion both the llcense abatus
of the subjeote; and their flying time in the Asronea
tandem trainer. Pjilot 3Status Index 2 ¢lsasasifies ths sud-
Jeots Into the followlug ascending prograuaiont5? {a)

slemeniary gtudants not trainsd in the dAeronca tendem
tralner, éhi private pilots with little time in the deronam

tsndsm traiper, (o) glementary students having ell UoF.T;

56 Student 24 wee classifled with the privete pilote besause of the faet thai his
totel flylng time exceedsd the time of the G,P,T. sourss,

T The wogrsesion of this index may be gquesticned. It is to be aoied, however,
that the order of clagsss (b) end {c) could be reveraesd and the results of
the ocomputations presented would still be the sems. The posltlons of whole
rows or columns in R contingesaczy teble mey be interchanged without effscting
the arithmetical values of X2 and G. This partiocular revorgal would eleo not
effect the aign of § in these sompuistions,
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prakaiog A bhe asrorge thandun tyq&gar?b {dj private

Pilutn having BAL GiPal. sesining in the Aeponce teadem
trsiasz, and {s) jastruckors. The compositlon of each
group acoovding to 2ot Sintus Index 2 in given in

Table -, Exhibdl I

Although Pilet Stztus Igpdex 2 ropresents a refinement of
Pileh, 3bpins Indesg 1, it is 56211 & falrly gross method

af elaaairying the subjﬂu%a.59 Each olmee of Fllot Status
Index 2, except for Class (b) is still oomewhat more

het srogensous than desirable. This la espesially true

of the ingiructor grodp, Class {e). Instructors 3d and

3£, for examples had no time in the Aeronca tLendem tralner.

s
o
—

60

G. Comparimen of Retings snd Pilet Status Indices

(1) Ir Table § are prosented the results of comparisons betwsen
ratings and pilot wietuas indices,

58 Private piiote 2f snd 2h were difficult to olaseify. Their greater

60

zacunt of time in the {ent plane (4.5 and 3.5 hours, respectively) prs-
suzably enough for thorough fewlliliarivetion, plus their greater total
flying time {64 and 52 hours, respeotively) would seem to place them
above subjeots in Cless (b), bub not high enough %0 be in Class {(d).
Avgerdingly, they were placed in Class (o). Computmtions wers also mads
®ith the distributions resulting when they were placed in Class (d) snd
when they were eliminated, The results did not differ materially. Only
the resuiis of compultetions with the distribution resulting from their
olassifioaticn in Claes {c¢)s therefora, are praesented.

The questicen 2f the statistiozl reliability of each of these criteria
naturally arigea, Rollisbiiliy szonot be checked sitastietieally, but aince
the olagsificatlon in each case dapsnds upon ceriain unohanging faots, it
san e gonoluded thai repeated classifivations of the same subjects will
remain ovusistent.

The tuiel fiying times »f lmstructore 3w end b {300 end 500 hours, respac~
tively) &re sonpidershly lesas than thai of the other instrudtors. To
geparate eny of thean from ths inabtrucior group, however, would necsgeitets
the eddition of a olass to the indsx unleas they wers grouped with some
other olase. 3Juch groupdng would seem to De quilte aes undasirable as the
prezent groupleg, if not mure go, sinee, for sxempls, it would sonform to
no rasgonnbls Welzhting of the two variablen of flying time in the test
plens and tebal flying $dme. (The olsasas of Pillot Status Index 2 were ds-
finzd on = purely qualitativs besie, but inepsoiion of ths rogulting dis-
tribution revesls 1t te confoerm very well to o diastributlon ranking the
subjecte moecrding to s score compounded by adding twise the flylmg time in
the Aeronve %andem treluer $0 ths toiel flying time.) Furthermore, 1t was
felt that Pilat 3tatue Indes 2 reprssente about the remsonable limit of re-
finemomt in the troatmsnt of such s emall sample.
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ND = Not derivable

The oolumn haa&ad o
These valuse wers inoluded $to indicate the reason that

sertain corrected G valuez could not be deriveds whenever the corrected
mean pquare contingenecy is negative, the corrected { camnnot be derived
because the negative value is found uader a radical.
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Tabls £ i
Showing Comparigons of Ratings of all Flighls by Fach Methed wiih ¥ jot Simius
Indices 1 und 2.
. Ae
Comparisone involving Pilot Status Index 1, made by means of 3 by  contingency tules
l Betwean o o4 2 {n "g 4} (3_1_3'!; 8) . ¢ 2 ; Rg' L
i - = mommh e
Ratings, Series 200-Ds-1 L0982 . a. D el U auld
land Pilot Status Index 1y 2 | %0 | -9 A4B9 u o P
- . ] |
tings, Series 200-Gd-1} .. l . ) T S B X
lend Pilot Stetus Index 2f =7 | 3-04 | 5518 | 933 | .04 | 32
tings, Series 300-De-l} . ’ ~ 86 0.0/ .35 .21
Eﬂ PAlot Status Index 1] = | +99 | 385 .7 S A el
tings, Serles 300-Ga-1 § . T
;Ed Pilot Status Index 1} 28 | 820 { /0855 | L2 | 015 | w48 G 6udd |
: B, . -
Comparisons involving Pilot Stetus Index 1, made by means of 2 by 2 contingency btablech
i : Raw e -
Between R k.z l (EE 3) (.¢z' c l gc L
|Ratings, Series 200-Ds-l .3 . X . !
and Pilot Status Index 1 a7 : 3.29 3539 08 +.33 $235 {
M 1 =
Ratings, Series 200-Gd-ll .- . .
and Pilot Status Index 1] ' b ¢.51 8936 <02 _7¢414 N
Ratings, Series 300-Ds-1 1 .
end Pilot Status Index 1| 20 | 146 | -6%0 02 | +22 {4dS
Ratings, Series 300-Gd-1 ; a1 - 4
end Pilot Status Index 1| =0 | 04 +F126 Sl TR B 5

2 .
gilves values of the correctsd mean sguare

In the caese of each compariscn of sections B and D of this table, the
theoretical Prequensy of one or two cells of the centingency table ia loss
than 5.0, the thacrstical frequencies of the remaining nells baing ¢reatsr

|
?
|
|
(
|
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Table O {Continued)

Q.

Comparipons involving Pilot Status Index 2, made by means of § by 5 contingency tables

B 2 2 Raw
Betwesn 1} )(\2 (a =16} l{n= 24 Gﬂﬂ' 1 EF
== —— frm
Ratinge, Series 200-Da-=) | 27 21.54 1594 6066 0.21 +.67 .46

Tnd Pllot Status Index 2

tings, Series 200-Gd-1 12, 80 | 9689 1-0.12 |
t:d Pilot Status Index 2 2 2.0 ! 7689 > +.57 ND

tinga, Serlsa 300-Da-1 024 ,222 0.4& 71 .6
4 Pilot Status Index 2 | 20 | 20:93 e ad o4 $.1 +.03
tinga, Series 300-Gd-=1 218 2
f:d Pilot Status Index 2 28 29.36 021 2074 0.48 72 b 64
, Ds,
ﬂompg;iudﬁ?‘involvins Pllot Status Index 2, mude by means of 2 by 2 sontinzency iebles
T t 1 2 B 1 2 Raw o
Betweon . p. 4 {n = 3) aﬁ G @
| tings, Series 200-Dg-1 2 .2 .3 0,06 . 5
rd Pllot Status Indsx 2 T 3-29 3535 +.33 ¢.3
tinge, Series 200-G3-1 \
iid Pllot Status Index 2 27 5.78 , « 1249 G.18 4.42 +.49
tings, Series 3C0-De-1
ﬁ:d Piloet Status Index 2 28 2-53 4766 0.05 +e29 *.27
tings, Series 300-3d-1 -
nd Pilot Status Index 2 | 20 .52 0584 8.23 446 +.52

In gomparing diestribubicons of retings with disiridutions of rank
on Pilot Status Index 1, retings of *Very Poor® and “Poor® were grouped
into a clues called "Inferior™ and ratinga of “Very (ocd™ and *Good®
were grouped into a clase salled "Superior.” Comparisons were mads by
meane of 3 by 3 coatingenoy tebles, and the resulis wore shecked by means
of 2 by 2 contingency tablez. 1In the 2 by 2 tables, Lke insgtructors and
private pilots were combined, and the slesmes "Avarage® and "Suparior®
were ocombined,

Computetions invelwving Filot Status lndex 2 were made by moans of
5 by 5 ocontingeusy tables, and the resulte wers checked by mesns of 2 by
2 tables. In the 2 by 2 fables, Classes A and B of Pllot Status Index
2 wers combined, mud Classes O; [, and K vwere sombined; ratings of "Very
Poor®™ and "Pocr® were gomblmed and ratinig of ®iverage,” "@0d,” and
"Vory (ood®™ wearu corhinad, =

S




R A I B S O _g%

e
EET Rl

ol

»n

P L

IR LT

g Nene o

3o

T TRN

I AR

el

W

i
¥

"

{2} Gmplaying Lus 5% eritsrion, and the n valuss noted on
p2gs 35, Tahle & reveais orly ons instunoe of neer=
signiffoant ssmocietion in terws cof p batwesn a set of
ratings and elther Pllot dtatus Indext nemely, the
corpariacn betwaen sorlss 300-Gd=l and Filot 5tatus
Index 2 wad? by weans of & 2 by 2 coutingsnoy table,
{Seo Section D of the table.} The essooclation between
theas two distridbutions is not eignifiocant when the
comparisor i1a mede by means of a 5 by 5 table, however,
the p vnluo deing 2074, (Ser Ssotion C of the table,)

{3) Turning %o the velues of G, At is seen that all values
of rew 5 are positive, and all dorivable values of cor-
rected C are poaitive 0l

{1) The only svidence of a aignificent relationship between
ratinge of flight performance and pilot status {as shown
by the Filot Status Indices) is to bv found in the fact
that all rew § veluss ars pesitive. —

{2) It 4o not possibla to evaluate this fact precisely /71 terms
of prebability by applicsticn of the probability -blnomial,
since the ssts of ratings wre interdependent, {See Igbles

2 and 1,)

{3} Despits the interdspendenas of ths sets of ratings, the
faoct thet pll raw ¢ valuse are positive coneiituiea pre-
sunmptive evidengo polnting to the existence of a positive
azgociation®2 botwesn the qualitative ratings and flying
sxperiencs of tho subjsota of an order that ie not revealed
to be pignificant in taorme of velues derivad from the treat-

6}

62

Thers ere eoverel instances of non=derivable corrected C values. When a
oorrected G valus im not derivsble, & near O sgrrelat:lon is indicated,
ipaemuch a8 the negatlive value of correoted P° indicates that the poasible
“ohanoe” contribution of the fineness of the tabular olassifications to
%he corrslation is greater than ths obteined raw U value.

This faot deea not necessarily imdicate that saoh raw C coneidered repre-~
gsuts a roel nposltive memooiation betwesn the two sets of varlates, It
iz evidence; however, that positive nsscoiation existe in at least amme
of ths oaaes,



i hre

asnt of the ame)l n:mbgg uf cages {8* 27 or 28) included
in %hig investipation, -

R TR R AR Y L TR 4SO £ B - & -

€3 1n tresting such azell samples by the sonfingsney wethod, it is pessible

to guerd azsingd tha ucaapsiensa of pogitive rsaulls arialey from posgibls
“fraak™ sampling by Prepsr congervaticn in broainssd and lrberprosations

1. Freparation of the data in tebles of seyeral dimengions and oom=
paring the resulte of buts will taka seoount of sphsncemant of the K=
velus by "fresk® froqusucies in cortein ceils, In the case of way ons
sompurison,; if eignificant assoociniicn ls indizeted when ths data are
tronted in a tnblz of ono get of dimensione; but rob when they ere irentsd
in tablsy ol cbhor dimeneicas, tha significence ¢f tho assoclation wouls
o regaxded sc doubiful.

2, Selection of the proper ¥elue of p, the cuaber of degroes of frmo-
domp for obtsining p i sgpeclally lmporiant in the treaiment of sueh mrall
aamples. Use of Lha gcnvanbivnel valus of a {Lhet walus equal to the prodast
of (g ~ 1) colnmas and (g = 1) rows) will result in lower g values $han
those obtained when sithar op toth ests of margical subteials are congidered
froe to vary from swmple %o ssmple. (Sse pagse 33-35,) -

3¢ Hlth tho exereins of thease rasautions; end eare ir interpratetion
ol the resulto, ous mmy grard sgaduet Lhe ecaopbencs of dubloua svidsngz of
eassaletion betwesn tvo smell dlztribuiicors of variatass Ths gmall aizs of
b gemaple, hoTever, uan gerve not enly te produce "freak™ anhanesnent of
he 2 t2lun, hut aleo to proguss "iresk® dminution of the x¢ valua.
Thug, even though e Rigpifionnt 48820dat fon oy b2 prosent betwoen the Lwo
scte of varisize in the Rarent nernlations from whish amall sanplea Ay
drawn, 1% may ucb be reveslsed 4nm thie emall gatp-les themsolves. Thers is nu
adequete and conservytive #ay to teke ecoount of this pessibdlity in the
treatnend of uall gampiss by the mantlngeney mcethod, othor then to notm
the posaibility snd to ntave thed tha abanoe of vizpifisant asscclation in
the pawples freated is not definiiive oyldenvs of i%3 abaenocs 1n ihe perent
Dopulations.

%o It i Durthermers t¢ s noted thah the Suwparizone preswnted in
Tabls & sussunisr a nzmpling diffieuliy not ereountered iz the somparisong
rresented in Iables 2, 3, and 4. dauh eompsrleum in Iables 2, 3, snd 4 4is
a comparisor. twiween twe eote of rebingey wscon sed of rotlazs lo 2 sampls
drawn fro% & perend poerulebion of rehinge of the game performances, On
the othwr bhond, each comparison presented in Table 6 48 2 ecmpearisca be-
twesn = et of ratinge (drmwn frow e parens peplation of ratinge) and a
dizteibaticn of pllebs elzseliled accerdin: to Flying sapgerlense {drawn
from a peront populaticn sf pilots),

5o It sesms ressocabls to agsume 2.95ierd thel 2 distributinn of
retings of 27 or 26 oerformances i3 mors ilkely 4o be o truly reprazenta-
tive gemple of ths perent papulatlon of r3iings of these gawe porformansss
then 1s ths sempls of 27 or 28 pilots likely to te Sruly ropreosentative
ef the parent popelation of pilots.

{Cont inuod)
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{4} 4part from the influenes of the smsll number of caces,
ths non-nlgnificance of essociation may bs attributable to
ipperfsctions in both the methods of reting and to the
Pilot Stetus Indices as meana of expressing pllet skill.
The extent to whioh the laok of aignificant sssoolation
can be atiributed to the method of rating or to the Pllot
Status Indlces camot be 1solatad from these results.t
However, the following facts may be of interest in the
consideration of Table 6 .

Comparison of the p values for coamputations involving

FPilot Status Index 1 with the p valuea for corresponding
samputations involwving Pllot Status Index 2 shows that,

{Feotnote 63 Gontinued)

6. Morsover, oven if e rarticular set of ratings is not truly reprsaenta-
tive of the parent population of ratingas, thies fact might be inferred from an
oxamination of ancther est of retinge of the seme performances (made by snother
method or by a repeat reading of the records by the seme method)s The fact
that in Tablen 2 end 4 the resulis obtained by rating the mme performances Ly
twe different methods - and in the cuse of the third flight, on two different
conaplons = are substantimlly the same, indicmtes that thege small samplss are
truly representative of the parent populationa of ratings. OCtherwige, 1f any
one 8ot of ratings were a *fresk™ semple, o.8., one wgsuld expect dlffering re-
sults in the oase of compariscma involving {W¢ methode of rating or. auccesslve

Tatinga.

7. Thie intsrnal cheok on the representetlve character of the s®all sample
is not possidle in the omnpe of the Pilot Status Indiocee,; however., Gaach Pilot
Stetus Index 1s only gag semple of flying enperience of a grouwp of pllots drawn
from a parent populsticn of pllote. From the data at hand, there is no way to
stats definitively the extent to which this small asmple of pllots 1s represen-
tutive of the pareont population with respsst te¢ flylng esxperlence.

6414 ghould be noted that thesw results do not necessarily indicate a lack of valide

ity of the qualitative ratinge as a measure of pllot performsnce beocauset
1. The Pilot Status Indices ore themselves graes oriteria.

2, The ratings are themselves estimates which involve comparison of the
observed performances, as recorded in the iraces of the R-3 Ride Reocorder chart,
with the gpiimal performauce whieh would produce traces of known form determined
by the aerodynamic cheracterisilcs of the presorided mnsuver; henc® they have
some measure of ipherent validity. Such valldity might be denominated “physical
validity,” indiocating thet the ratings ere deaoriptive of the merit of certain
Ehysicu.l aspects of the porformance (bank and lateral balance); in sontrast to

statistioal wulidity," which refers to the assooiation of the ratings with ex~
ternal oriteria, sush as the Filot Status Indloes.



in general, the p valuos for computations involving Piloet

Status Ipdex 2 are lowsr,

Horeover, the valuss of the raw and corrosted S
values ars in genaral higher for computationa involving
Filet Status Indsx 2.55 The differensse Lebwesn the G
veluss ere of course not signifiocant, ss tis G valusa
ere not themunelvesn algnificant with but one axceptlon.
The trend; howaver, is sonsistent and iz of interast in
visw of tho fect that Pllpt Statys Index 2 $akes into
senglderation the number of howrz of flylag in a paprti-
culer mirplane as wall ee pilot-stedua,

IN SUMMARYs Gomporisen ef Fabinza of flizht porformance with pileot slatus pro-
id=g i: 12l evidenoca poliptioe t6 & Pelrtiomenip hatwoan crslitativs rolfings
X resords of eirki 7200 ypuwer turns and vilob a%ill es eaprese

he vesulbe ape ot wdscoels o demonstirefs the existencs of

ROy A

%ﬂlgxgbiafioﬁaﬂig grgﬁé pags, finsl Sudgment upop the use’ulness of qualitstire

eatimet o8 of graphic records as dpdloators of pilat skill,

L

65 All velues of rew § for ccmparisoas inwolving Pilot Stetus Index 2 are graatory
than the values of raw § for corresponding compariscns involving Pilat Steius
Index 1; with ons exoeptlon, vigt the welus of rew G for the eomparicen of
ozch Index with 3erioes 200-Dag=i by mzzns of & 2 by 2 table i 4033 AL
valuoe of corrected G for sompariaornes iavelving Pilot Sistus Index 2 sre grazier
than the veliues of cerrected & for corresponding somparigons involviang Pilet
dtatus Index 1 with 4wo ezoeptionss (1) the valus of correoted § for ths
somparison of Pilet Status Index 1 with Ssries 200-33-1 by msmne of a 3 by 3
table 1a not deriveble, and ths velwve of tha sorrosponding couparisen of Pilos
Status Index 2 with Serles 200-3d-1 by meana of a 5 by 5 table is not derivabdle
and (2) the valua of currocted § for the oazparison of eack index with Serlsg
200=Dg=) By means of & 2 by 2 table is +,35.
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1. Tha feot that the evidooe prescoted In this report does not desmonstrais
scceplable celetlonsidp bolecen guelitative estimetes of pilot pesrforn-
ence devived from gravhile recovds and pllet stetus should not be inter-
preted a3 relscting ths desirebility of further research in this field,

¢

£, The vesearch program deacribed in thls report involved the use of ap in-
adequate recorder. JAn loproved resorder 1s now under construction. YThe
experlaentel deslgn was adversely sffectsd by an Imcomplele knowladge of
the properties of ithz graphic recorder, whieck couvid only be dlsgoversd
by prelisinary reassrch of the iype described in this report. The numbsr
c? cases is smail. Thers are many other factors in the experiment which
rake At wnsceceptable se & definitlve experimest for the investlgetlon of
tha quelitative sepects of grspuic records obtalinsd during £light. NRew-
srtasiess, ou the bamiz of this exporiment, it seexs poasible to auggest
gtops which mey bhe u&hwn by whezae who usderteke further investigatlons
e thiz fiadd end which caz grove waeful in obtaining definitive snd veo-
ful fisdings.
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3. Furthor stndies of this irpe; In the opinion of the invsstligators, can
profitabliy include tle construction emd use of pattern sceles in esiim-
ating the guallty of flight psriornsues frow the examiaastion of the
grephnic racord. 4 mensal desceriting the use of such a pattern 2cale in
the evelustion of rignt 720% power turus is atiachad to this report as
fppendix B, Pollowing ix s briel discusslon of the factors whieh under-
1ia the preparation of this menual

PR

« Preoticacility of pualitative Nethode Uana Jn This Study
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1. The General Deserlvitlon hest proved to be the more practicsble of the
two methods for flsld nas. On ths Direl two sete of rocords resd with
the Dats Sheet. ths averags time for ons resdlng was about 25 minutes,
and the estimate was mode thet this time could be raduced to 20 min-
utes. The aversgs time fur vpe reeding with the Gepersl Deseription
Sheet was 35 mliutes. The dlscrepency in the two averags times i=
lﬁrgemy dug to the feirly long time reguired for the time-reasure-
ments cf the Deia 8ihest and io the uumberaome form of the sheet it
solf. 4% this paint in the anmlysls, the satimete was made that the
tize for %aading the lenzral Daseristion Sheef could corielnly be re-
duced to 10 minutes end | probablv to 53 pinuteg. On s poriion of the
last sel of General Deserioticn Sheeis filled in, the resder dictuied

“as completely detnilsd m degerdpntion ea poasible of each of four turon,

% ‘ stating the comcleteo hlatory of esch lasefar as derivebls frem the rec-

E orda; ths averege tius por ghest wag elightly loss thern 4 mlavles,

LRI T e L R e

Lot g

s ‘ <. Furthermore, all ithe Wimes sletzd sbove resulie? by obizlning Items p
' and b {Toverell® fluctustica in bapk during tha turn preper, and qevia-
E ticn of avercie bank Jrox ths praacribed bank} from the Yactusl?® bsak.
T derive these liems from the actuel bonk requires cousiderably more
Pime then to derive them from the Tnroosr® bank. To dstermice the ac-

DY 1 b, e8]
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1.

2,

$ual bank st any point requiree tha snychromizetion of the lomd
factor tracs with tho lateral imbalance linsay making two read-
ivga, one of ioad fuotor and the other of elip or skidj and
performing sn sddition or sublrastion to ovtein the sotusl bank
valus. 7o dobermine the “oroper™ bank at any point; oanly the
load faotor trave nsed ba read, The only methematlcal operation
is to convert thie reading inte a vaiue of “proper™ bank. Thie
cperation might be omltted if 4ths chart ecale were graduated to
sho¥r "propsr" bank in degress rather than load fastor.

If an imstructor nuted gnly the seven iiams employsd in thise
study, u=ing values of "proper®™ bank to obtain Itema & and b,

an estimats of 2 or 3 minuvtes for a complete svaluation of the
psrformense on ths power turn is not unduly ophtimietic. If he
oshose ot to rogord hie obhevrvationa the time would be sven laesa.
Thepe estimates are meds, of dourse, with tha provisc that the
instructor thorcughly learn the wmethod; and wiih the further
provipo that hs baccme very prefielsnt im converting scale values
of load factor into values of “proper™ bank, or that the soals of
this poriion of the chart e altered to indloszte dirsotly the
angle of "proper" bank. With & pownsible short=cut aid in the
form of a pattern soale and manual, the time would be even further
reducsd.

stabliahment of Jualitative Reting Pro-

Use of elther method of rating doscribsd in this study requires
that the rater be thoroughiy familiar with the characteristics of
the instrumeat end the chart. it is possible, howsver, to avold
making undue demands upon the instructor, ip the way of detailed
knowledge of recordsre mnd their sharacteristicn, by supplylng a
short»out methcd of rating rosords., 4 graded scals of trane pat-
terns with which the instructor could “metch® students’ records
would be aguliawdlie for this ovrpose,

Fiatss IVs ~ IV1 and the zocompenying manvel {(Abpendix B) repre-
sent the firsi steps tewards the establishmont of such a scale.

Even upon ¢azsusl laspsetion, a pregression ip pattern is readlly
obaarvable in ezch row. This pregression ia, of course, much

more reedily apparent when the nature of the load factor eaale

is known: i.,e., when ithe load faetor trace is regarded as a eurve

of "proper” bank, tha soule ls non-iinear, and the chart spaces

in the lower part of the seale rapressnt Ireater valuss of bank
than the chart spaoes lan the upper and middle portiong of the eocala.
Thus, for exswple, the “"peaks" in the load factor irace in Plate
iVa represent greater fluciuationa in hank than "peaks” of about

the same heirsht in Flake IVh, In the casze of those same two plates,
the “over=4ll" fluctuation in bank in Flate IVh would appsar to be
somawhat greater than the over-sll flustuxtion in Flate IV¥e, But
this value is aboub the seme {spproximatsiy 14°) for both plates.
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3. Certein apparent disovepanioccaz upe slee presant. The prop-wash
effects in Fleke IVi, appoaring as & dip 3m Ehs lead fasbor trace
t¢ the bage=line and a aharp fadrly large (right) »lip, of courase,
dastroy the pattern progressivm, HNed only must these effents,
which "lock bad,” be disccunted, but their presance must also bs
taken as a uredit to the performanss. Therse is, of course, s
csartain amonat of overlepping, resuliting from ths faot that zev~
oerel tracea wugt bo oonaldorsd In waking the reting. Thus the

- load faotor trace of FPlate JVf 1s preferable to the lead fagtor

T trase of Pluis IVz, ané oniy slightly inferier {o those of Flates

e I and 1¥j. But there ix & prolenged slip lasting slmost

throughout Plate IVE-

4, Suoh difficultlies, however, are relatively minor. Their naturs
and the epproprists ways to handle them are peadily zrasped. If
an ingtrustor were provided with a nunolss statsment of funde-
mentals such ap thet presented in Appendix B and such a scale
tc aseist hin ip rating acd learning the technigue of rating,
he could, it 1s belisved, with the exe¢rolse of remsonadls judg-
ment and care, rate performancss iz an entirely practicable and

: sALy MRHNOT.
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. 5o The utility of such a scele might Ye enhanoed by providing one or
= two more patterna for emoh oategory. Likewlee, borderline gpat~

= terne might be selected end appropriate nuggesiticas for their

- placement might De presented. In view of the limitsd sogpa of

T these comparisons, however; thozs zdditional stops were conelderads
; at prssent, inadvisabla. The platez end this dlescussicen are

. presented; as sitatoed, as the first stops towerds 2 complaets aet

i of soncrete spacificeiions for fisld use of the instrument and

b ag nn indieation of ihs dlrectlon tho development of such o sob

of speoifications musl take,

, €. An slteromtive 4o suoh a scals would bs separate scales, cme for
: the load fastor trace and one for the lateral imbsalence iracse
in conjunetlon. Sush woslem might be emplovad to give separats
ratings, which would in turn be welghted and ocombined in a pre~
soribad msnner to glve an ovacsll rating.
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AN ANALYSIS OF GRAPHIG RECCGHDS OF PILOT PIRFORMANCE
OBTAINED BY WFANS OF THE R~G RIDE REGCRLER

SECTION 4
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' PREFACE TO PLATES Iz, Ib, IX, IIT, and IVa-IVi.

Theau‘;lataa are goetual-plze photostatic repreduciions of A=5 Ride Recorder
rgcords of mansuvers of the Ualversity of Penrsylvania standard flight Cl, flown

in an ssromca Yandem trainer, medel 5C-TL.
in the case of each plate, atientlon is coentered upen the record of tha 720°
isf% poger turn or the 7209 pight power turn as salscied out of the complets
record of Standard Flight Cl, Fecords of the whole or a portion of other maneu-
Jare, novwever, may be lncluded cn essh plate. The maneuvsrs are ldentified by
the code number eppearing st the initial signal of each on the signal marker
trace. Each plate may contsin recerds of the shole or a portion of the following
zaneuvers (in the order appearing on the rescerd from left to right):
Hanouver
No Degerlption
B A tranaition meneuver (i.6., = mansuvsr for #hilch the attitude
of tha mlirplans 18 not proseribed, and the record of which is
not ussd to indiecats the proficlency of the pilot). In this
trenepltion maneuver, the pilot attmined an altitude guitable
for parfurming the poser turne. (The latter "B® does not
sppear on any plate, sinve tho 1mitipl signal of the meneuver
is not inoluded on any nlate.}
6 720° left powsr turn, Frescribed bank: 60°.
7 _ Short atraight and level rscevery tlight.
8 720° pight power turn. Frescribed bunk: 60%.
c A trangition maneuver for gotilng tho airplane into proper poai-

tion with rafarenns to the ground for executing the sucoesdling
{numbersd) oritiosl maneuvar.

The maneuvers follow sach other in immediate succession. Henoe the initiael
igrel of 2 given maneuvsr is ales the Sermimal signal of the precseding mansuver.

N .

Oa eech plate, barrsd arcs, reprsasnlinz the wsrks s»n a transparent asynchron-
ting scale used la raeading ihs records, have besn inseried. In the case of each
iate, encept Plate TI, thage arss serve 3o lndicate the beginning and end of the
20% right power turn {(mansuver 3). Mansuver J begins ai the interssction of sach
rage with its corresponding barred sre marked “"Begin®™ and snde at the 1lntersec-
icn of sach trass with its corresponding barrad are warked "End®. The elgnifi-
anse of the arce inperted cn Plabte II is explained in the lvgend of that plate.

£ o el e
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In ths enss of sach pleto, the base-linos of ths sigesl merksr
tyascs, tha load fuctor irage, the lafi-wlug-low trace, and ths
righs-wing-low timce, and the signal “dote® have besn outlined
with a atylus, Thees alterations were necsesary, in order to
obtain elesr and readily readable raproduotionsa6

Mg AR el - 7 Y

Calibrations
1. Chart epeed 3 1} in. per min. Baoh 0.10 in. thersfora = 4 z00.

Y

A N LT

2, Load factor (etatic ealibration):
Bage~line = 1.05
Top extremo & 2. % g
Each 0,10 in. helght of tracve = additional load of 0.10 g
The calibration of tho load faotor 4race in terms of bank 1
given in Table 1, pagy 28 of Farti I,

A et

3, Lefte-wing=-low aud right-wing-low (etatls salidration):
Bage~line m Q% or @ g
Top extrems o 147, or 0,249 g
Each 0.10 in. height of tracs = 2%, or 0.035 g

Subjects of Group I were elamsantary students in the C¢.P.T,

Primery 0oUrEs.
Subjosta of Greup II were recontly llcensed private plilote.
Subjecks of Group IIT wars re-rated lzatrustors.

66The adjustment of the resordimg stylusss of the particular ingtru-
ment was such that zno trus hass-line fell onto u primted line of tho ehart.
Thie arrangemsnt is, of course, not inhereat in the lustrument. It wee
timply an inconvenlent adjustment in the particulsy instrumeni used, und
could easlly huve been remsdied but for the insonvenlence of disdurbing
the installation.

T LGP TN S



ILLUSTRATING THE NHAYWIRE" EFFECT
OCCASIONALLY PRESENT IN THE LOAD
FACTOR TRACE OF R-8 RIDE RECORDER
RECORDS

In both the power turns (maneuvers
6 and 8) of each plate, the load
factor trace displays & damping
curve, characterised by rapid and
relatively wide up-and-down ex-
cursions of the stylus. This damp~-
ing curve was denominated the
"haywire® effect, Whenever it is
present, readings of load factor
are of dubious accuracy.

SHEEmeT AT ot et e : in the case of each plate, the ef-
b D e i IR i 7 b fect is somewhat more marked and

i : : prolonged in the record of the
right turn (maneuver 8) than in the
record of the left turn (maneu-
yer 6)., Contrast of the load
factor trace of these plates with
the load factor trace of Plates
w0 ; PR L f 11, III, and IVa-IV will rea
SauR L BRI T b I8 TG IEEiEEE; the EIfIE;&hce between this

: : damping curve and the superposed

gine curve of high-frequency en=
gine, propeller, and frames vibra-
tions which normally appeara on
the trace and has negligible effect
on the accuracy of recording.




PLATES II AND III,

ILLUSTRATING DIFFICULTIES IN MAKING QUALITATIVE RATINGS AND QUANTITATIVE
MEASUREMENTS (F R-S RIDE RECORDER RECORDS OF PCWER TURNS

Plate 11 illustrates certain difficulties encountered in treating the R-S Ride Recorder
Tecords of 720° power turns:
(1) Need for use of a synchronizing scale in reading the records
(2) Ambiguity of the point separating the arbitrarily designated entry from the
arbitrarily designated "turn proper" 1n the qualitative analysis
(3) Ambiguity of initial and terminal points of a maneuver when signals are missing
(4) Liability of qualitative ratings of right 720° power turns to a halo effect due
to Juxtaposition of the left turn on the record
These difficulties are discussed in detail in the main Report & Supplemental Report .

The beginning and end of the left 720° power turn (maneuver 6) of Plate II are denoted
by the inserted barred arcs. Initial signala are lacking for maneuver 8 and transition
maneuver C. The assumed beginning and end of maneuver 8 are therefore indicated by the
arcs on which are superposed small circles.

Plate III is the record of a right 720° power twm which is outstandingly good in cer—
tain reapocts, but poor in others, msking difficult the assignment of a satisfactory
qualitative rating to the performance. This difficulty is discussed in detail in the

main Report.



Airplane Right

PLATE V
THE R-S RIDE RECORDER

Alrplane Rear

= F

S

P = -

Airplane Front

In this view of the instrument the detachable cover has been removed. The accerlero-

meter, (i.e., the load factor indicator), which is enclosed by houslng (10), and the pitch-and-
longitudinal-acceleration pendulum, which hangs below pendulums (8) and (9) are not visible

in this view.

1.

Signal marker stylus, actuated by single
solenoid immediately above and to the
front

- Load factor recording stylus, actuated by

movement of the accelerometer weight,
suspended in and enclosed by the housing
(10) at the right end of the case.

Left-wing-low recording stylus, actuated
by movement of pendulum (8)

. Stylus for recording alleron movement,

actuated by double solenold immediately
above and to the rear

Right -wing-low recording stylus, actuated
by movement of pendulum (9)

Pitch-and-longitudinal -acceleration
recording stylus, actuated by movement
of a pendulum suspended underneath
pendulums (8) and (9) and free to swing
only in the longitudinal plane

7.

10.

11.
12.

13.

14,

15.
16.

17.

The visible parts are ldentified as follows:

Stylus for recording rudder movement,
actuated by double solenoid immediately
above and to the front

Left-wing-low penduium
Right-wing-low pendulum

Housing of the weight-and-spring accel-
erometer. (load factor indicator)

Spirit level

Housing of spring-wound clockwork
Supply roller

Timing roller

Receiving roller

Hinges for detachable cover

Aluminum ears with holes for securing
Recorder in airplane

Photog‘raph by courtesy of the Impact Register Company, Champaign, Illinocis

a1 awerdary
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AN ARALYSIS OF GRAPHIC RECORDS OF PILOT PERFORMANGE
OBTAINZD BY MZANS QF THE R-8 RIDE RECORDER

SECTION A

APFENDIX A

QUALTTATIVE STUDY PROTOCOL3 FOR
PLATES In = IV§

University of Fennoylvania
Fhiladelphia, Fannsylvania
Ootober 1%42
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For Plate Ia

Deta Shest

Page 1
DATA SHEET FOR QUALITATIVE ANALYSEIS OF TULANE STANDARD FLIGHT RECCRLS
SUMMER 1940
Maneuver: 720° RIGHT POSER TURH AT 60° BANK Instrument: R-5 RIDE RECGRIEK

Code No. __210 - Dg =) Title of Fiight ___ ¢l  Hourg:Dual

Hamo No. of Flight 2 Solo

Group Woathar notations: none

1. Approximate time of maneuvers in zec. 56
I, ENTRY

&, Approximate time of aatry in sew. 15

Approximate time in seoc. bsiwesen baglnning and attainment of bank of
Vi

approxicately 30° 5

TS .

B. Lateral imbalance

1, Slipping (right=wing-low),

relatively | relatively] few ﬁ_”'gmanfnuunmuj'
Extent: short time i long time [ instancss , iasszncen |
iess then lst chart space! X 1
i T
Botween lst and ?nd chart ! X i 1 (Almost; throughout)
spacsa E :

Beyond 2nd chart spico T“ '

2. Skidding (lefi-wing-low)

. : _
Extent raelatively relatively& fow | many
ghort tiwe | long time || iustancys | imat<ncws

— —~ S R T TR T

Less ithen lat chart spaca! Ho Skiddiug %

Betweon lat and 2nd chert -
spacasn

s 4 e S %S ad T b
' . . . - e

I
T
b
H
‘
N S
1
q
el

Beyond 2nd chart space E

3. S5iipping and skidding in sltsrnation
Slipping and ekidding in serica (e.g., makes several diseresis
slipa, then several discrete skids)
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Bate Sheal

J1II.  TURN
: Pape 2

A. Bank

1. Flugtuamtione in bank
#. &ngls of bank nearly constant
h. Angle of bank falrly congtant
¢. Apgle of bank very variable X

d. Angle of bank extremaly wvariable
e. Side-by-side {atepwlse) fluctuakticns average approzimately

2 degresp (sbsolute, i.e., without regard to eign)
£. Overall flustunilon {from amallast degrse of bank to largeet)s

approximately 15 degreeon.
g. Hit prop=wash _ No_ (N. B. Fluctuatione in bank due to bitting

prop=wash are not to be considered in making the above

ratings). .
2. Agouragy of bank
B ring moat of the mansuver, bank about 50 degraes.
. Y. Attalned 60° Bank and held it during _ 0 {fraction] of maneu-
vor,

Did mot attain 607 bank _ X .
e, Ovsrbanked spproximately degrees {avarage) during
about all {fraction) of maneuver,
d, Undsvbanked approximately 1D degrass {average) during
sbout 122 {fraation) of mansuver,{about

16° during 1/2),
(N, B. Deviations from 60% benk dus to hitting prop-wash are not
t2 ba sonsidered im making the above judgment.)

B, Llatersl imbalance

1. Slipping irightewing=low}

relatively! relativalyl  few Timany

Extent gnort time| long time |jinetances| instane:
lege thar lat ahari spacge -4 ' S
Betweea lst and 2nd chart X 4

spacas : B

Bsyond 2ud chart epacs

2, Skidding {lef4-wing-low)

-

A ! slativuy I rolativelyfl few | many
Extent | ghort time| long time [inatances|instance
! X X

Lops than lpt chert space

Batwesn lst and 2nd chart
BpECces

Beyond 2ad chart space




Iv,

3

Slipping ard shidding iz ¢

Jdiernation

Slipying and okidding in veries

BECOVERY

A,

B.

Approximate tlma ol recovsry fa saz,
Approzlmete Llme s geu. betwpen dank of

6

s pmra oy

af maneuvver

Latsrnl imbalance

1,

2,

LY

£

B i)

e I e

Date 3
Poge 2

heet

aprroximately 30° and end

Silpping {right-wing=low; X
Exbont reistively | relelively fow [ many
short time ! long timas instarsee | lmatancsa
P e e e pe i g el g Yo = forormce——t—r-
Lesn than lat chart epsce )4 X
Betwean lst and Znd char: e E 1
spacas
Bavond 2nd chart speas s E
Skldding {lefi-wing-low)
- Traiatively [relatively || Cfaw many
Extant P
shere timenflung bime Einstanceu instencos
Lees than lst cheri space K ﬁ A
Batwoon lat 2nd Znd chavi x 1
spaceR i
- e . i
Bsyond 2nd chert apavs _ﬁ

Slipping and zkiddimg in =
Slipping and ekldding in e

Y. DESCRIPTION AND HEMARKS:

lternation

srias

The load factsr irace displayz “haywire® efZect; thus stelements mbeout

Entry slow, and some indicasion ¢l stepe.
about ateps because ~f pessible presancs of “hay¥ire” effect,

latersl imbalanss performance looks amateurish, am thougn
On tho other hand, may bte dus to bumpy alr,
Same rating whether sair bumpy or swooth; beeamuse i sir smscoth, I assume
presence of “haywire® effect {c explain aberrations of load factor trace,

inz the ball,

OVERALL RATING:

AVERAGE

Resovsary rapid.

Can

5

bank muat bs considarsi very tentative, and liable teo a poasibls largs error.
On the other hand, oconsiderable irdication of bumpy air froa %he iraecses.

Bank sesms to fluctunts arcund saveral wsll-defined midpelnte; one ab 50¢

and one at 449; and was fairly =4sbls.

"¢ tell

were follow-~

If o, nol bHad,
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For Plaféfibf‘

Data Sheat
Fage 1

DATA SHEET FOR QUALITATIVE ANALYSIS OF TULANE STANDARD FLIGHT RECORDS

SUMMER 194G
“Maneuver: T20° RIGHT PCSER TURM AT 60° BANK Inpgtrument s R~3 RIDE RECORLER
Code Ho. _ 218 = Dg = 1 Title of Flight ¢ 1 Hours: Dual
Iﬂama No. of Flight é Solo
Group Weathov notaticns __ nons

I. Approximate time of maneuver in seo. __ 56

IX. ENTRY

A, Approxicate time of emiry 1o ssc. i0
Approximate time im sec. betweon Veginnirg snd attaiument of beank of
approximatsly 309 4

B. lataral imbalanse

1. Slipping (right-siag-low)

Ext ni-_“—h { ralatively relatively|| few T many J
e ghort time |long time || inetances| 4instence

loesa than first ohar: gpace
Betwoen lat and 2Znd zhart

spaces
Beyond 2nd chari space X - 1 ghroughout }
2., Skidding (left-wing-low)
Extent Irolatively relabively ((few | many
'short time |long timo finstances |instances
T . j
. Loss than first chari space éﬁc skidding
Between lgt and 2nd ahart P T i
apaces

Beyond 2Znd chart npace

3. Slipping and wkdding in alternation
Slipplng und skidding in ssries, ie.g., wakee gaveral digorets mslips,

then several disorate siida} %




pd:

il :
Pane T“hagd

Fage 2
TURKN
A. Bank
1, Fluckustions 1n bank

a. Angls of bank nearly constent

b. A4ngle of bank falrly constant ’_

¢, Angle of panit vory verishkle _ X

d. Angle of bani: extremsly variable

s, Side~by-gide stepyise fluctuations average approximately 2
degress |ebsclute, i.0., without regard tov eign)

£, Overail fluctuation (from ezrllost degres to bank fo largset)s
approximately _15 dagrees.

g. Hit prop-wasn No (H. B. Fluctusilons in bank due to hitting
prop-wash are nct to be considered in makineg the above
ratings ]

2. Accuresy of bank

a. During most of ths nmanewrer, bank sbout 4246 dagrasg.
b. Atteined 60Q berk and held it durlng adbout _ (frastion) of
0id not attsin 60° bank _ X
0. Uverbanked anproximately _ o dagreas (averags) during about
all {fraction) of maneuvar.
d. Underbanked epproximstaly l¢:13 dogress (aversge) during
about _2 (fraction) of maneuvsr,
{about 10° during 1/3]. .
{N. B, Deviations from 60°% bank dus to hitting prop-vash are not
tc be eonsiderad in making the above judguent.)

B. latersl imbalanass

L.

2.

Slipping (right-wing-low)

Extent relatively | relatively | fow ) WaNY
ghort time | long hime inatances irstances
Less than lat chart spacs X 3 (wowentarily;
Betwoosn lat end Znd chart X 4
spaces
Beyond 2nd chart spacs %

Skidding {left-wing=low)

S——

‘mL‘relatively !talati?aly}%faw many

Extent ! short time | long time ' {nstances inatanc?ij

= —

Lsss than 15E#;hart Bpase e JEIhding

Between lat and 2nd
chart spaces

Baycond 2nd chari gpace
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Data Sheot
Pags 3

"3, Sllpping and zkidding in alizrmation
Slipping and ekidding in serieas

|

RECOVERY
4, Approximats time of recovery 1n aso. b
spproximate %imo in esec, betwser banuk of approximately 300 and end of
manguver _ 1
B, latersl imbalance

Y. 5lipping (right-wing~low)

o -t it g

Extent

Crelatively | reiativeiy| fe# ’”ﬁﬁﬁiﬁ}mwr““’
E whert time tong tims instances) inatangeu

T
E

o e
b e e e ]

a1 mrmp e

Legas than lszt chart spees i Mo miipping

Fatwa@n 1at and “3ad ahart
apooss

At it + i T v ——" A i s ) i e e ot e LR

!

Boyond 2»d charti zpaze ; i

¥

!
!
e B

T
1
l
9
H
i

2. Skidding (left-wing-low)

B VR ———

P R s

i Extant "} reistively ’rﬁlativslyﬁ’few j mEay :
ghort time |long time i instanzos instaﬂaaﬂ
Less than 1at ohart space X : Jl (mﬂmﬁﬂtg?ilf} 5
Bstaaen 1at and End chart e b1
B8peces i
!
i

|
: |
R
{
Boyond 2nd chart spacs K e }
—_——

it i i 3 ey +

3. Slipping and skidding in altsrnation
Slipping and skidding in eerdies —

DESCRIPTION AND REMARKS:

Load factor diapleys "haywire™ effest t> pretty dnd degrse. ALY readings
cf bank thue sudbjeet to worst degree of uncariainty. Bank neverthulszs ssams
to fluctuate arcuad 459 ap a midpoint, throughsut == alightly lower dusring
first half, slightly highsr during second half. Oversll fluciuetion in any
cage not graat,

Both entry and recovery rather slow and steplilks.

Latsrael balance performance nena tog goed, Hubt not #gregiously bad. Altl-
tude probabtly didn't chauige vory muchk. Trace locks as tlhough 5 made numbasr of
incomplets corrsctive movsmonts snd pousibly wap looking et ball sporadloaliy.

Abaszed of "haywlire” offact wighi raiszs ible rating sre giop, but no mors.
With or without 1t aould bz ratsd only Ja thie 2luz2 or ona maxi higher.



For Plate 11

Data Sheet
Fage 1
DATA SHEZET FOR QUALITATIVE ANALYSIS OF TULANE STANDARD FLIGHT RECORDS
SUMMER 1940
Maneuver: 720° RIGHT POWER TURN AT 60° BANK Inetrument: R-3 AIDE RECORDER
Code No. 313 = Ds =1 Title of Alight g 1 Hours: Dual
Name Ne. of Flight 3nlo
Group Werthor notationa: nons -
I. Approximate tims of mansuver in ase, not derivekble

1%, ENTRY

A, Approximate tims of entry 1. gec. not derivable
Approximate time in sec. betwesn beginning and attaloment of bank of ap-
proximatsly 30° not deriveble

B, lateral imbalance

1. Slipping {right-wing-iow)
%wlativaly relatively fow wmary
Extont shorty time {loug time Hinztances | instznces

s o it

less then let ochart apacy

Bstwasen lat and 2nd ohart
epacas

Beyond 2nd ohurt space X | (thraughout}

2. 5kidding (left-wing-law) ~

-

Txtont roietlvely Jrelativsly few wany

' short time |long time inctanceij*inutancas
Less than lst shari apse Ho sk}dding

Batwoan let and 2nd charé
. Bpaces 1

. Beyond Znd chart specs 1

3. Slipping and skidding in eltarnation }
Slippiny and skidding in series (e.4., mekes paveral discrets slipn,
then esverel disorets skids)

A A~ Al oy AU A 1t s G F




Py’

§ ~6d- pate shest
. . Fage 2

% Iii, Turn

%$ A, Bank

%7 l. Flugtuations in Dank

a. Angle of bank nearly coastant
5 b. Anlge of bank fairly constant
5 ¢. Angle of bank very variable
5 ' d. Angle of bank sxtremely variable X
¥ o. Side=by-sidd fluctuations averags spproximately 3 degrees {ab-
o solute, 8,1, without regard to sign)

b £, Over-all fluctuations (from smallegt degree of bank to largest}:

“ approximately 25 degrees,

x g. Hit prop-wash_MNo (N.B. Fluctuations in bank dus to hitiing prop-
> wash are not to be oconsidered in makiang the above retings.)

2, Ascurasy of bank

a. During moast of the mansuver, gank about 34 _degrees.
b. Attained 60° bank and heid it during about {frection) of

meNneuver .
Did not sttain 60° bank X

¢. UJverbanked approximately 0 degraee {(average) during about
; all {fraction) of mansuver.
) &, Undsrbanked approximately __ 25 degroes {mverage) during about
a 1/2 _ (fraction) of maneuver, (15° during 1/4 10° during 1/4)
: (N.B. Deviations from 60° bank due to hitting prop wash are not to be
‘copsidersd in making the above judgment.)

B, lateral imbalancs

% -.‘":l‘?"-u?‘ e

3. Slipplug {(right-wing=iow)

relatively

¥ Extent short time

N less than let chart spacs - K

nany
instances

Betwesn lat and 2nd chart T l 2
apaces )

Beyond 2nd echart spuce

S 2. Skidding (left-wing-~low)

Extent relatively |relatively
phort tlme {long time

few
instances

many
instances

No skidding

Lops than lst chart space

Between lst end 2nd chart
apaces

Py Sy
o £

Beyond 2nd chart apaoe . l_ .



V.

VQ

-49..
Data Shagt
Page 3
3. Slipping and skidding in alternation X
Slipping and skldding 1in asries_

N T e AR

RECOVERY

A: Approximate iimeo of recovery in ases.  not darivable

Approximete time in ser. bstween bonk of approximetely 30° and 2nd 2f man~
ouvar__ kot derivsble

i TR

B, lateral imbalance

l. Slipping (right-wing-iow)

{— relatively | relatively ? fow wany ]
Extent short time | lomg time | Lretcnoes instancas |

oty AN S I aPET s e . —mim
frecaramn - oy sy iy

Legs than lst chart

BRLACO uzztlonabla, due JD lagk of final gignal
 Between lat and 2nd ;
ghart amces b, NN B N
i [
EBeyond 2nd chart gpacoe ] E
2» Skidding (left wing low)
£ — i g T e ey
relativoly frelativaly 3 wany [
Extont ghert time § long time nnces | instances |

T B T L R T T BT,
lass than lat chart i
space gueztionshla, duﬂﬁte leek off flual sipnal

e N N

e «5“ R

o R ST v o Pt L 3 gumn BT S L i

T e R R T TR ::-mm;a.‘T."mﬂ: REA L

Betwean lpt and 2nd
churi aspaceu

e e g,
4

Beyond 2nd chart spase

3. Slipping and askidding in alternation
Slipping end ekidding in sories

DESCRIPTION AND REBARKS:

Silgnals risaing. End of mansuvar ssnnot be certainly dipsriminated,

Bank bad throughout, bobk in ragerd to scvractness and consisiensy, foad
fastor line full of pesks. Bazk almost conebanbly ehanging. Slipplng not
sxpecially serlous.

whaterer point might de taksn for ths end of 4he manevvar, i would hardly
ehange the roting, exscpt perhapr ta lower 1it, Bvsrything Lz distely foilow=
ing the selectad end point is aqueliy vad, Record ems marked ei nolutad selesn-
ted s ond, and point eus 1ldeatifisd fos ths second rewding. Will carheinly
rocognize thie one;, anyway.

OVER-ALEL RATTAS: ool
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Dnts Sheet

Page 1
BATA SHEET FOPR QUALITATIVY ANALYSYS OF TULAME STANDARD FLIGHT RECCRIS
SURMER 1940
drneuvers 729? QIGHT POYEE TURHE AT 60° BANX Ingtrument: R-8 RIDE AECORDER
Code oo 223 = g = ] Title of ®light _ _C 1 Hourss Dual e
Name No. of Flight 2 Solo
Group N Weather netatlons none
I. JAppreximats tima of maneuver in seo. 36
I, ENYRY
kﬂg Approximatn time of entry in aec. 8
Approximate tilwo in sec. botween beglnning and atialnment of bank of ap-
proximately 309 4
B, Ilaterszl imbamlanon

1, Slipping (right-wing=-low)

relatively | ralatively few many
Extent short time | long time |instences #instancea
Leogs thon lat cheri epace X 1l
|
Between let and Zad chart
apROE
Beyond Znd ohart apace X Jl 1
2. Skidding |lefi-nlag-low)
Extend frelatively relatively feu nany
ahort $ime | long time [Jinmstances |inetancas
Ho akidding

Lsas than let chart spase

Betwson lst end 2ud shast
spese

Beyend 2nd ckart spuoe

i

3. Slipping end skidding in elternation

Slioping and skiddizg 4u woeries (o.g., mekes wseveral dlsocrote slips, thon

several discrate skidp) X




w?la

Date Sheeat

. Page 2
EII. TURN
A. Bank
1. Flustustionz in benk
8. Angle of bank nearly tonetant - _
b, Angle of bank falrly constens_ X e
8. Angle ol bank very veriabis
d. Angle of bank extrewsly vorlable
es Side-Dy-alde stepwise flusiugtiosny avorage epproxipately 1 - 2
degrass (absolube, f.4.. without regard to sign)
£. Over-all fluctuaticas {7riz smmllost degree of bank to largest )z
approximatsly 13 degress
g Hit prop=wash_ Yes (.8, Pluctuations in Lenk due te hitiing
prop-wash are not e 0r considered in making $he esbovs ratinga)
2. Agauragy of henk
a. During mogt of the wensuver, bmak &bﬁuﬁqwzﬁgfu .. dagrave,
b. Ajtuined 60 Lank spd held it during akon /t o {fraaiion of
LENSUTST .
8o Did not attain 609 bank__
¢. Uverbznksd approxieaisly G . degrecs (averags) during abouk
Bl {(fractiorn) of manocuver.
d. Undsrbanked approximately § - Bwq_ dsgrasy (mvarmga}-during ahout
/8 {fraction) of manciver.
{N.B. Deviations from 60% tank due to nitting prop-waeh are malh 42 bo
considsred in making the akove judement.)
B. lateral imbalance
1. #Blipping (right~sing-loa)
i h
ro?abively {relatively i  fow e Y
Exhﬂnt phort time lc-ﬁ_g tine ; irstances instanosa
i SR T R T I S PR ety e ey *ummzmlrﬂm R AT
Laga than lst chard z
BpROe :
Batwean 18t and 2nd :
. . chart spags — .
Beyond chart spacs B A B 2 {elnoet] throughout
2. Skidding {(left-wing~low)
' éiative’i; ral;‘msly mri‘aw rmmyr
Extent e AT tiue | long time instances | instance

Less than lat chari spaaw

o gkidding

a2t "

Botwesn lat ond Znd chers
apnog

Ty T T T

rampernin =y sty

Boyond Zpd gherit spaca

TR g T

e gxe e B

v
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Data Sheed

. Page 3
3. Slipplam =ad zkidding ln nllisvrmilen
-

B,
2lipping wod elkidding ‘n cerlem__ A

T R ——

I e

RECOVERT

Ao Apprazimate vime of reaovery in seaq. E
Approximate timz in #3c, betweoen benk anc approximetely 30° and ond of

wansnver i .

Bo latoral imbalsnes

1. Slipping {right-eing-low;

relativaly| relstively fow many
" Extiﬁiﬁﬂm, .l ghort time| long time |l instancss| instances
Lesg than lst chart GORCe E alnost tiroughout
Batwean 1st &nd 2nd chard 1{persisting from
apacen X i turan pmoper)
Beyond Znd chart apaas
2, Skiddiaz (lafi-wing-low) ‘
ﬁxhcut reletivaly | relalively faw many

B 1< . time | long tilwe | inetancos! inmtanceg

I T T et e e R LT

L@um thsn lat ohari space

Botwoan lst ond 2nd echebi
BPACEY

o Sarraama OMF

Bryond 2nd ohart spmeo

1. Slipping asd nmikddding in nlispaation
Silpping zad skidding in asries X \

DESGRIPTION AFD RENARIS:

Yery irtsrfstinﬂ performenss, zad almost a bang~up ons. PRolled very rapid-
iy up to aboud 5¢° , wimeat or ke dod, ar acerly a2 ocsn be teld from direst in-
zpootion, then bzak £211 gradaslly to about 52 = §557. Then prop-wasa crussd re-
tura to Dﬂﬂﬂ'liﬁ&; sfier which axsther repld roll to about 55¢, which wap held

“feirly consistansly, wisth a muaked glip, tbrough the secand 360° turw. The per-

formance nifords a feirly good example of the dlffisuliiss with the slgnal sye~
temt 4§ geconds siapes alter atiral bafore a dlecoriminable bank; whan bank of
60° atteinsd in 4 seccnde, rih vory mapid rell. It seems almost certaln that
the rell =ma ol ntarted uniil betwsen 2 = 3 geconde efter zlgnal - aa allow=
abkle error conegldsring the washoed, bud one whish would affsast the time quanti-
%ies in this sheet, with the oxesption of fetal time, to & great extsnt. Whole
performanse very rapid, ipeluding rocovery. lateral imbalance perfermanco noi
80 good, but pot ae bad as It would look. Sllp on eniry accompanied very rapid
roll, second slip was due to prop-wash, and 3rd was in turn followlug prop-wasgh,
beglpning with rapid roll back. Frobably lest s decent amount of altitude im
pocind ture, whleh Ls the worst featurs ¢f the mamsuver.

OVER~ALL RATINI: WVERT GOOD
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GENERAL DESCRIVPTTON HUET FOR QUALTYATEVE aRALYSIS %7 TULARE SCARDARS
FLIGHT RUGCRINS, SRMER 1940

"‘%na g7y 7120°% RIGHT POWRR TURI AT £0° BARE irpkrumenty B8 RIDE RESGRDER
Gode Noo 102 = 0 - 3 Titla of Fligh? ot Hewiss Duel
Ne me [T - - ¥ S 2 & ¥ S W fele o
Group e e oo BORBHET mobaidons pone e e et e

Alzaedy in mingr siipy ab sigral, Mhle rapidly grev o Yoccns largy 37 sz

want (frequsntly fo 55h sgaee oy cvar! and perslebed trreughawt ey, Lurr, ree
sovery, and well lnts transiilon memensse G, Extremaly bad pecrfomasace in fhis

Tsapaoni; ceuldn®t bs much worme, ’

Entry eicw; with stepe. Hocovary iutnes rapld, ono rieg.

Impoaepible o aluts ﬁ?ﬂTﬂa11 Fluntisblos szaebly, becauss LWiace refurnaed
is bans line for good lengdh of ims. Dasb sopreatmailon: urester than 287
(from 352 %o 61”)« Sida by slde fluokestlens aboud 2%, Tva fairzly dlptinst
turng. Firul reseabliez vormal distribution aweve, with opse at ﬁl@. Fouid
nrarage abcut 507, Second turn uaz one lovyg giadenn,
bouy 559, miner peaks interavessd. Tould svsrage 2laf

-.“) il
=
&
el
r ®
=

Vary bad periformense.

OVER=-ALi RATIHZ: VEAL? Poogd




W gt e,
oAt ;;1\&‘%
14
ar
tE

Bty B

Ay b et

2w

B i

#oE R e

T R

U T

.i‘*-'!i’?'hf‘l‘ pRgd -«

i

v

Fop Froge iVh

CENERLY, DESCRAPIION SAUET FOF QUALITATIVE ARALYSIS O¥ TULANE STAKDARD
FLlGHT RECCRDS, SUMEEE 1940

Hansuver: 7T20° RIGHT PL7EFR TURK AT 609 BANK  Instruwmont: R=5 RIDE RECURDER

Code Moo _ 326 = G& = 1  Tiile of Flight _ G 1 Houres Dual .
Heme MNa., of Flight 3 Solo ___ -
Froup Weather uoiabliona

Already in slight urolonged alip at algnal, whicn beogame falrly largs and
Perpinbsad through eniry. Slight poricd of goed balance followsd, after whigh &
very prolonged alip of varisus magnitadss which flusally rsached nearly to 8tk
rpace, or scale's lenpgt:, #hen 1% was auddsnly corrscted snd feollowzed by minor
ekid, ovidantly reault ¢f svercovroestlion. This followed by large alip which
paraisted, redused in erxtent, turcugh recovery, and very far imto iramsitlen
mansuvar C with inorezpnd wagnituds. Vaery dbad psrivrmance in this respect.

Zntry rather olew, with steps. Recovery very npld, without discriminabioe
stene.

Ioad faztor %race jagEsd with peake throughcu@. Begi estimate of owar=-pll
fivotueiion 31%:  Jyom 229 (bame 1ine sliyp) 4o 53", No itslling what baunk weuld
gvarsge, but 42°% ia ap szood an sstimate as poselbla. Side by side fluctuaticns
2‘”393

Parformaces end trioea both glve rise (o guaplolen of buapy airg but what-
evsr bhe sondition of the iip, the porformance ls of the worst.

GVER=ALL RATIKG: YERY FOCR
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GENERAL DESCRIFTION SHEET FOR QUALTTATIVE ANALYSIS OF TULANE STAMDARD
FLIGHT RECOLDS, SUBMIR L1940

Mpnsuver: 720° RIGHT FOWER TURN AT &%59 BANK Ingtruments R-S5 RIBE RECORDER

Code Ro, 334 = Gd ~ 1 Tigks of Flight __ G 1  Hours: Dusl _ _
Hame o Ho, of Plight 3 Sele
Group Festher notaticns BOne

Short minor plip on entry, persieting ints turn propsr. This ie anocther
example of en awbiguous entry~turn separacion point. During turn a prolonged
6light alip, returning %o base line jSust Lefora begloning of recsvsry and ine
creasing to falr extent in recovery., HEndsd with final siguel. Ragged, dut
not eacespively bad performansn 1n this raspect,

Entry vapld, 12 firet peak %taken s¢ tarminatiag poeint, (lst peak cume at
299}, If not, very mlew, end step-liks. Recovery rather rapld, and step-like.

.. Over-all fluctumiion abeut 22%; from 297 to 51°. Bark pretiy variable, bui
8Ll Tluetuntions gradual, Bonk would averags sboud 399, Side=by-alds fluctus-

ticne abont 29. Bank in counfinvous gradual fluovtugtlon. BEnpine wibrationa soms-
wnat emallar than usual,

Ragged in svery respesti.

OVER~ALL RATING: POOR
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GENERAL DESCRIFTION SHEST FOR QUALITATIVE AHALYSIS OF TULANE STANDARD
FLIGHT RECORDS, SUMMER 1940

Mansuvsr: 720° RIGHT POWER TURN AT 60° BANK Instruxent: R=5 RIDE RECONDER
Gods Mo. __ 225 - Gd = 1 Titls of Flight _ G 1 Hours: Dual )
Haxne No, af Flighs 2_ Solo .
Group Weathsr notations none

Falre-gized alip c¢n sntry, short in duration, Throvghout turn, prolonged
minor siipping, aegligible. MNinor skid followsd by prolonged slight elip, last-
ing eeveral zeconds into transition maneuver G, on resocvery.

Entry rather slow and step-like. Recovery wmore rapid, eteps not promcunced,

Over~all fluctuation in bank about 149, Load factor markad sith peaks end
plateaus, Side<by=~eglde flustuatisne would probably average arcusd 29 - 319,
Bank fluctuates around sbtout 37° ag midpoint. Fluotuation gradusl but continu-
ous. Bank highar than 409 only once, and then only 44¢. Aomieurish performance,

OVER=-ALL RATING: FPOOR
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GEREPAL DELCRIPTION SHEEY FOB QUALITATIVE ANALYSYIS OF TULAME STANDARD
FLIGHT RECGRDS, SUMMKER 1940

Yepsuvors 7206 RLGHT PCTER TURH AT 600 BANK Ingtrument: R-$ RIDE RECORDER

oY

2ode Ko, 127 =2 G = 1  Titls of Flight g1 Houra: Dual

Name Mo, of FMght 3 Gole o

Group _ Woather notatlonas LOn

Rapid baiencsd entry., Balance perfegtly malintainsd throughout moest of first
turny after which 2 slight elipe and 1 minor slip, the latter cne ending with
baginning of redovery. Om recovery e slight short skid, dlesppearing before finsl
sigral. A good, if not oustestanding, performance im respect to lateral balance.

Entry fairly rapid. Recovery rapid, with one agtep.

Two distinot 360° turns, poaaks throughout both. In first, bank would ayer=
-age about 400, a well defined midpoint, though variatione arcund that point are
fairly largs and frequent. In sesond, bunk would sverage about 489, jess clearly
defined as e aidpoints Over=all fluctuation ambout 18° from 359 1o 530, Side=
by-eide fiustualions would avermge about 3°, This variabilily in bank and wide
deviation in flret twrn from presoribed bank detirast from mansuvers

OVER=ALL RATINGs AVERAGE

R e S A BT
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For Plate IVf

GENERAL DESCRIPTION SHEET FOR QUALITATIVE ANALYSIS OF TULANE STANDARD
FLIGHT RECORDS, SUMMER 1940

Maneuver: 720° RIGHT POWER TURN AT 60° BANK - Instrumeni: R=5 RIDE RECORDER

Code No, 309 - Gd - 1 Title of Flight G 1 Hours: Dual
Mamo No., of Flight 3 30le
- Group : Weathor notaticna none

Minor short ekid on entry followed by prolonged slight slip sxtending to re-
cavery. Falr-gized short skid on recovery, returning to base~lire at fimal sig-
nal, Rather ragged, dui not very bad.

Bath entry and reoovery slightly slow, with steps.
Over-all fluctustion about 52 =~ 9°; from 419 to 499, iLoad factor tracs roegu=

lar, but shows continucus gradual fluctuation. First halfl of curve over 45%, geo-
ond hald below 45°, whioh is approximate averags. Side<by-uide fluctuatlons about

10 on the average. —

OVER-ALL RATING: AVERAGE
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For Plate IVg

QENERAL DESGRIPTION SHEET FOR QUALITATIVE ANALYSIS OF TULAME STANDARD
FLIGHT RECORDS, SUMMER 1940

Mansuvers 7209 RIGHT POWER TURM AT 60° BANK Insturment: R-5 RIDE RECORDER
Code Ho. ___328-. G4 -~ 1  Title of Flight __ G 1 Hours: [uel o
Hame No. of Flight 3 Sole ——
Group Waather nofatlona none

Short minor slip, fellowad by pariod of balance on entry. Turn mosgtly bal-~
anced with irbermitient minor skidding. Short mimor skid on recovery. Unuzual
rerformance in thia respect.

Entry rather slow, with pieps. Racovery fairly rapid with no disoriminabls
atepe.

Two fairly distinct 360° turns. In Pirst, bank pretty stabls, varying ar-
ound 42° ma midpoint. Insecond , wider over-all variation, but gredual flustus-

tiona 29 or less.

Would be rated "average” except for pruficiency in mainteiring laterel bal-
ance, Frobably did rate it “average™ on pravious reading.

OVER-ALL RATING: GOOR

el
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GEUNBRAL PESCRIPTIGH $4ERT FOR JUALITATIVE ANALYSIZ OF TULANE STANDARS
FLIGHT RECORDS, SUMMER 1940

Heneuvers 7207 RIGHT POWER TURN AT 6G° BANK Instrunent: R~5 RIDZ REGORDER
Gnde Ho, 312 -~ Gd -~ 1  Titls of Flight €1 Hours: Dusl
Hame Ho, of Flight 3 golo __
Group l,?aather netations none

Prolcnged minor to slight slip on entry. In tura, 1 slight and 1 miner
2llp., On rscevery, prolonzed slight to fair-sized sllp persisiing inte transi-
tion maneuver @, Not bad showing in this raspsct.

Entry fairly rapid, ¢.th steps. Recovery ilkesime.

Over~all fluctuation mdout 14%: from 48% to 62°, Tracs weat off scals ab
one point howsever., atbained 62° bank on ontry, then rest of turn  bank declined,
with pemks, OChanges fairly rapid, but not especially osc. Bank would average a-
bout 549, but this not a well defined midpoint. Side=by-slde flustuniions some-
what less thaa 29,

‘OVER-ALL RATING: GOOD
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For Flats IVi

GENERAL DESCRIFTICN SHEET FOR QUALITATIVE ANALYSIS OF TULANE STANDARD
FLIGHT RECORDS, SUMMER 1940

%aaauvﬁrz 7200 ATGHT POWER TURN AT &0° BANK Iastrument: R-5 RIDE RECORDER
Gods Hoo __227 = Gd - 1 Title of Flight G 1 Hourg: Dual

Noma Ho, of Flight 2 Sele
Group Woather notationm nona

5light sllip on entry, prolonged, psrsisting inte turn and beceming miner in
ztent. Perloed of msar-perfeot belanes, followed by & rapld slip,; large in ox-
zunt end ghori in duration, dus fo propewash. Hinor skldding during rest of turn
nd recevery. Exesllent performance im this resfpecs,

Bapid, clean entry and recovery, boith alwost free of steps.

Over-all fluctuation about 139, from 42% to 55%°. First turn falrly regular
iz that no rapid fluctuations oscur. Sscond turn has ssveral peaks aend rapid fluc-
vations, but extent not great. Bank in esch ®ould averags about 482, side-by-sids

luctuations 1% - 29,

gy s

OVER-ALL RATINGs VERY GOOD

ddditional Note to Originpal Pretogol: Propewesh affects ignored in obiaining bank
flugtuation valuen., Of, a copy of Datn Sheet, p.T0, TIX., A., Z.
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DATA SHEET FOR QUALITATIVE ANALYSIS OF TULANE STANDARD FLIGHT RECORDS
SUMMER 1940

Yaneuvers 7209 RIGHT POYER TURN AT 600 BANK Ingtrument: R=-3 RIDE REGCOADER

Code No. 224 =~ Dg - 1 Title of Flight cC1l ' Hourss [Dusl o
Name No., of Flight 2 Sclo _
Group Weather notatione nons

I, Approximate time of mansuver in sec. 40
I1. ENTRY

A. Approximate time of entry in asc.
Approximate time in see, betwsen beglmning and attalament of bank of ap-

proximately 30° 3

B, Llateral imbslance

1. Slipping (right-sing=-low)

Extent relatively |relatively few meny i
short time |long time || inatances |inetances

Loss than let chart space | No slipping i

Betreon lst and 2nd chart
apaces
Beyocnd 2nd chart space

2, Skidding (left-~wing-low)

Extent rolatively |relatively fow many
ghort tims |long time | instancea |instances
Leas than lat chari ppacs | No skidding H
Betwasn lst and 2nd chart -

spaces
Beyond 2nd chart space ‘ﬂ

3. Slipping and skidding in aliernation
Slipping and ekiddiagz in sories (e.g., makes several disarete slips, then
several discrete ekide)



i

mdj:

DTets Sheat
Tage 2

TUnN
A. Bank
1. Flugtvasions in bank
a. #iAngle of bank nearly constant X
b. Angle of bank falrly constent -
2. Angls of bank very varlable
d. Angle of bank extremely variable _
8, Slde-by-side (ntepwlos) flustuaticns average aprroximately 1
degres {absolute, i.s., without regard to eign)
fo Qver-all fluctuaticn (from emellest dagree of bank te largest )t
approximmioly degrses
g. Hit prope-smsh Ro (N.B, Fluotustions in bank due %o hitting
prop=wash are not to be conaidersd in meking the above ratings}
2. Acsuraay of bank
. During mest of ths wansuver, bank about 44 degrees .
b. Atteined 60° bank and held it during about (fractien) of
mansuver.
. Did not attain 607 bank X
@¢. Ovarbanked approximately ___ 0 degrees (average) during about
all (frection) of maneuver.
d. Underbanked mpproximataly 16 degroes (aversge) during about
all _ (#raction} of mansuver. ,
N.B., Deviations from 60° bank dus {0 hitting prop-wash are not to be con=
sidered in making the above judgmeni.)
B, leteral imbalance
1. Slipping (right-wing-low)
Extent ralatively | relatively fow many
short time | long timajiinutancos instancon
Llyas than lat ohart space Ho elipping
Between lst esnd 2nd chart
speceg
: Bsyond 2nd ohart epaca |
2. Skidding (left-wing~low)
§ E H
Extent relatively | relatively tow g many
short time | long time instancesf inatances
Less than lst chert space X {intermiktently)
throuzhout
Betwoen 1gt and 2nd chart
epaces X 4 "gpliken”™
Beyond 2nd chart space

T
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B T Slip?ing and skidding in alisrsation
) 3lipoing and ekidding 14 aseries £

o ——— e e T

IV, RESOVEAY

he Lpproximate tlew of recovary in use. 5
boproximates time in seo. briwsen bank of &Fpraxtmﬂtﬂly 20

BuYLY 2

% und oud aof wan-

B. Lateral imbslerce

1. Slipping (right~wing-iow)

o~ e S vn ey
Exztout { relativoly ralativalyi fav E WYY
. short tlms | long tios gfinﬁﬁihﬂ@* loalunies
b s ST m_-m.;:::':: TR T R T TR J«:_::a P :.:r
Lags than lgi chart space %0 elipping
Batween lst end 2rd ahart B '
SPAGHB ] |
e ekt 4. PRASY ,?u-: : et et
Boayornd 2ad ehart space Lm

2. Skidding {left-wing-low)

S g ooy

Extant grelapively ral&ti?olya‘ few | mmay :

ghort time | long time i inetzaitsa | inchapces

J Ty et IR T

Legs than lst chart spaes ! j i

Betwaen lsi and 2nd chart ! +

papses x X (*hrcﬁ?rau@ 5

Bayond 2nd ohart space { ?
S TR SN I v - G vt =

3. Slipping and skidding in altorastlon e
Slipping and ekidding in serioe X

!

¥, BESCRIPTION ARD REMARKSs

Remarxsbla parfoermance ln respsct $o benk, Rolled up to 1% repidiy, aiih-
gut discriminable steps, held it vary well, and relled oul ropidly withoul di
oriminabls eteps. Ase a 45° turn, 2: good am you'd want,

Skid "spikes” during mansuver nsgligible, probebly in fachk, not eaussed by
pilet, as line shoua & good deal of vibration. lalsral ilwmbalanes poriormanca
alse rsmsrkables perfeat balamce thwoughout endiry and turn, 31izhi skid or
FRICTELY .

Exaspt for failurs to attain pruscribed bank and hii propewagh, “woimg-up.

OVER-ALL RATIRG: VERY GOOD

AT AL M~ R G, AR 1§ A AT b e T A K A % ~TES R LT AT TR LSO SN of MM Wt BRRR AR ¢ mef b | PAe 7T A B S0 LMe R

- PO
Fddlbionel noke ¥o Sriglwnl ??@ﬁ&aqlz Padlurs bo hit pregewart® Az lotocziels oo
Cihgrent ot prawe=gh effaals o LR retosd”
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AN ANALYSIS OF GRAPHIC RECORDS OF PILOT FRRFORMAKCE
OBTAINZD NY MEAWS OF THE R~5 RIDE RECORDER

SECTION A

APPENDIY B

& FROFOSED MANUAL FOR TES USL OF R~3 RIDE RECORDER RICORDS IN
EVAIUATING PESFOUMANCES OF RIGHT 7Z0° POWER TURNS
by
Mervls . Vitelen
and

dnear Zeeketrom, Jr.

Univarsity of Psnnsylvania
Philadelphia, Pommesylvanis
Rovesber, 1942
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FORBVORD

This pst of direotions was preperad as a specimea of the type of manual
whioh might be issued to instruotors for uas with pattern zosles for rating
graphic roeccrda of performance on veriouz maneuwvers.

Both the pattern scale for ratizg performances on ths right 7209 pawsp

turn (Plates IV,~IVy) and %hias manucl arc innsnied only ns sxploratery siops
towards the uvee of Eraphio records *r. the field; and 1t ls not antleipated
that sotusl ues will bve orde of either, for $hs follicwing resscnst

{1) Sincs the sesle has been trepered, the 360° turn hue been substituted
for the 7202 turn 4in the G.F.T. eourss. ‘The sunle la, of courne, in-
applicsble to 360° turas. {Sse pege S0.;

(2) The R~3 Rids Rsoordsr is not recsommsndsd for fieold uae becauvsos

a. Thera are currewmily aveilebls geveral later model Redhed Flight
Recorders of the same manalaoturer whloh supply more information
than the Ride Recorder.{Se¢e pege 3 of the Introduction. Fart X.!)

b. An improved graphis recerder, dredfgned te surreol or minmlie the
defects of the R-5 Ride Fecordsr and other oopmerols) fiighi pe-
sorders whioch have been capleyed in projects eof the Commitise
on Selection end Tesiaing of Alrsrzlt Piicts, iz surrsatly undsr
sonstruction, {Ses page 205, Suppisvental Report.)

It 13 to ba noted also that this manual sontalns gensral Information
applicnble to gl) mensuvers and mot only to power turma., It 3o thus sonewhad
longer than nesessury for e gingls mansuver 1f the Laslrumsut weve actually
to Ds employed in the fisld. In actusl use; the general inlormation sontailnaed
in the Introduction (pages 89=90), the sestion emtitlad "Irterpretation of ths
Tracea® Zpagas 90=93), and Ipble A, pege 99,would probably be supplied in z
seperate manual with the instrument, end ths lengih of manuals for individusl
memouvers would he corrsspondingly reduscsd.
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DIRECTIONS FOR USING PATTERN 5CALE FOR RATING PERFORMANCE
GN THE RIGHT 720% Pgoiv TURK AT £0° BANK AS RECORDED
BY Ty A=> nlbT ARLLORDER

INTRODUCLION

It hae veen found by experiment with records of the R=5 Rids Recorder
that performences of the right 720° power turn show certain record "patterna”
which vary with the quelity of the perfermanca, The recorde of very poor
performencas look very different {rom the records of average performancsa,
and they differ to & very marksd degree from the records of very good per=
formances, This fact augwested t:re comstruction of this graded acale of
records to aid inatructers inm retiny students® performances of this mareuver.
Thie scale iz made up of full-size R-5 Alds Recorder records of richi 720°
power turns which were rated by standard proesdures, and glven an over-sll
mark of Yery Poor, Poor, Avermze, Good, or Very Good. All that ip needed
to rate a performanas of the right 720? power turn by moanas of this scale is
te "mateh™ the R-5 Ride Resorder record of the performance with the one moat
nearly resembling it in the scale.

Why Uno Flight Recorderse?

¥light recordsr records have a aumday of advantesss in furnishing ob-
Joctive infermation ambout piloy performancs., A rscorder can go along with
the student on eole flights and supply a permanont record which holps the
instructor to check his progrsss at v stage when observatiosn of the studsnt
iz usually very limited., Even in duzl flizht, a recorder can "tzke doen™
meny details about the student’s perforvanmce whlch the instructor might not
sse at the tlme because ke mitht be paylng attenticrn to other dstalile of the
gtudent s performance., Some racing pllots have even used recorders to chask
up on their own flylng to makxe sure thsy are holding a comstant bank around
pylons.

Diendvantages of Recordsrs

Fiight recorders also have a vwumber of digadvantages. Perhaps the oul=
standing digadvaniaze 1e tho time required to¢ judze a record carefully and
mazke an acsurate rating of the performancs. Anether disedvantass 1ls the fact
thet in order to interpret the recerds accurataly, o%g must be thoroughly
femiliar with tham through regular 2eily experiencs.

fsducing the Disadvantages of Regerders by Using "Pattern™ Scalos

In order to cut down thesa disadvanteges, thie patitern aczle and thsege
dirsctions wore prepared. 3By "matchlng” the records of students® performunces
wlth the records reproduced on this seals, you gan plese your sbtudents® recerds
in one c¢lase of a five-point azecals rancing from Yery FPoor te Very Gopd, and
thua obtain a stendardlzed ratiaz in & very short t(ime. Althoush even = porson
unakilled in either fiying or ths use of flight recorder records could :do %hise,

68 These gensral advanzages aad disadvantaces apply to all flight recsrders
and not only to the R=8 Rlde Racordst,
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the effislency and aceuracy of raiing =2iik b9 greatly helped by conaldering
the information giver in pazes90 tu $8, and uss of the records will be mors
intersating with this "backgry.ad™ krowledgs.

Bank and
Latsral Bel-

snce Considared

in Msking Scale
Retings

Explanation of
Areg Drawn in
on Scale

Regords

SEUFIONR;

a
Fope s |

CENERAL REMARKS ABOUT THE SCALE

The R-S Ride Recorder supplies information about bank
and lateral belancs during fllicht, and the ratings of these
poerformances are basad on this information. The inetrument
does not supply information about altitude or airspesd; nor
does it suvpply relimble information about longitudinal pitoh,

In making the rscerds reproducaed on this scale, the
chart wae driven aui a apeed of 1} inchsas per minute. 1
{horizontal) inch of chart thus represents 40 sea. Each
horizontel tenth inewPTof chart spasce = 4 ssa,

T4 1o iwmpoertant io note that a changa in chart speeod
will change the appearance of maneuvers on the chart. There~
fore, THIS SCALE CAWNOT BE USED PROPERLY UNLESS YQUR INSTRU-
MENT IS SET FOR A CHART SPEED OF l¥ INCHES PERMINUTE.

The beginnring of each power turn on this ecale ip indi-
cated by the set of barrsd arse whioh have been drawn in on
ths records and marksd "Bagin®, Ehw'ond is indleated by ths
set of barred arcs marked "End".®

Thie soale may be used omnly te rate performanses on the
720° RIONT POWER TURN AT 60° BANK, It CANNOT be uged to rate
IEFT POWER TURNS, which have a considerably different appear-
ance on the resords. It CANNOT Ve used to rate elther
CLIMBING OR GLIDING TURNS. It CANNOT be used to rate MEDIUR
OR SRALIOW TUENS. It CANNOT be ussd to rate 90°, 180°, or
360° TURNS,

INTERFRETATION OF THE TRACES
Signal marker %rage

The signal "dots" on the asignal marker trace are msde
during flight by the instructor or pllot, who presses a push~
button contact inserted into the ipstrument psnsl or contral

67 The chart is marked into tenthe of inches by the dots of the horizontal line

ia its center.

58 Thege arcs reoprepent the marks on a transparent plaitin ruler used for syn~

chronixing the traces.

You ¢c not need to use this transparsnt aynohronii-

ing ruler in order to read and rate the resords of right 720% power turne by
means of this pattern secals.

59 The faot that this soale oan be used only for rating right 720° power turns
of course doee not indiesnte that the only use of the instrument ie tc record

right 720° power turns.

Similar acalos, after proper experiment, may be con~

ntruocted for other maneuvers.
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a Curvy of

Bank

gtiok %o make ths algnmals. 'The signals may bs uped for two

DUTROBLE

i1) To idemiify msnsuvers on the record by means of a
precially dasigned signeal aaeds, uslng d¢ifferont com-
bilrnsticns of 29%s 2nd dashes for differont maneuvera,
or

Ta indisats the beginning and and of msneuvars, by
means of a gingle dot or daah.

(2}

Whon the order »f manauvers is arranged and kanown Before-
hand, as in atandnrd flightnﬁﬁ tho signal marker trace will us~-
ualliy bs used only tc indicate the Geglnuing and end of maneu~
vere, einse there iz then no need for signale ie idsntify them.

The loed fastor trece

tracs ia uped to supply informatlion about

The lownd factg
Lurng .

Bank ia hopigontast

As you kumow, any curved flight path, sueh as a normal loap
or the pull.up following a dive, "throws & load” onto the air-
plane., The magnituds of the lomd fagtor which the zirplane un-
dergosa depends upon thz rate of turn of the elrplanse, the plane
of ithe earth within which it ias turning (that ie, sarth vertieal, »
aarth horirontnl, ets.) 2nd its velooity. An acoslsrometer, or
ioad fmoter fndivater, mounted 1n the R-5 Ride Reaorder reoords
thie lead factor direstly.

Since the filigh$ path is ales curved in banked turne, thoy v
alse "throw a load” onte the airplans. In horlzonial furnme, there

iz & oomstaud reictisa batwesen the angle of bank and the load fag-
Lor to which ihe eirplane is sudjeoted.i<

Eseh point on ths losd factor trade of theme rescords thus
represents & partitular value of leoad factor and mleso a partiou~ .
iar bank anglas corresponding to the lead factor value. The lead i
Tapgtar trace on Hho resord of sach turn may tharefore be viewsd )
a8 & curvs of load Testor or as & gurve of bank.

e

T0 4 gtandard flight consisie of e ssrice of mansuvors whioh are very earefully
specified aa to wind or gronund direction, bank, sbo.j; whioh follow sash other
in & definide srder; and which ars %o be fluwn undsr specifled ocnditione of

wind veloelity snd ameothness of the vir.

The object of standard flights is to

provide » gtandsrd maihod of ooemparing studenis.

[}
72

That ,is, turne in ths plans of the horizon »- pot ciimbing cr gliding turns.

{For the bensefit of Lhose readers interceted in aercdynamios):
This relation may ba stated as follows:

the values of load factor, expressed

ing (unite of gravity) ie equal to the gscant of ths angls of bank.

AT
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The hoﬁvy "fuszy™ trase whlsh is . placed ca thie curve is e
record of enzine and propsller vibrationa. The irue reading of
load factor et any point %s the nidpeint (halfway betwesn the
bottom and top) of this vibrations irace,

The helght of tkis v_bratlons trace variee with the alr-
plane, the laevatlon of {the instrumeat in the alrplane, propeller
agsting, throtile astiing, and flight attitude. tHo matter whav it
ita helght, however, ihe itrue reading of load factor iz always
glvsn by ite midpaiut."3

On the partiocular inztrument uwesd in msking the records rs-
produced ipg thle gomls, ths acceleromster hed an initial €snsioen
of 41.05 g/% that 4s, 1t would not revord a load fastor of lsss
than 1.05 g Wherever such load faciors ars sasounteresd -- us
in etralght and level fligh}, where the lead facior 1z +41g, or
in gildes =~ the load factor trace im at ite bmaov-line, that is,
the bottom line. This valus of 1.05g corrosmponds to a baok of
18°, Thus, when the bank is 18°% or leas, no positive trucs ap-
pears.

The top extrews of thiz trace (which the trace reaches in
Plete IVh) repreosents s load fmetor of 2.05g, whlch corresponds
to a bank sngle of 61°.

Each vertlcal fernth ingh of chart npsce75 repreponts 0. 1g
load faotor. It ie laporient 4o remsmber, kowsver, that the
relation betwesr load Ifsctor and baak is such that equal amcunis
of load factor do net represent egual angles of bank. For ex~
ampls, a chart hsight of .10 lnsh (which alwmys correseponds o
a load fmotor valus of 0.10g) may represent a bank angle of 90
in the lower par’i of the chart, bui an angle of only 22 in ths
upper pert of the chart. Thus, relatively large fluctuations
in the trage whon it is towsrd the upper part of the chart, a»
in Plate I¥h, reprasent no grocter hank varlations than rele-
tively small fluctuations of the trace when 1t lias near the
base~line, a3 in Plate IVd.

The bank value 2f essh printed llne of the chart is given
by Table A, page 99, for %he conveniende of thoms readsrs who
oay wlsh to make detalled examination of the plates

Exsmine %4hs apagifioatlone supplied by ths manufecturer
with your ilnetrument. If the acealsromoter of your ingtrument
has an initiel tension othar than 1.05g, 1t doee not have the

LE (For the bensfit of readers sapeoially lnterssted ia imstruments):
The reascns for this are: (1) Since these vibrations have & very high frequency,
vhereas changes in the load facior recorded are comparatively elow, ihare ia no
"intarfarence™ beatwesen the vibrations and the load factery and the vibrations
record is placed on the record of the load faslor smd {2} the superposad vibra-
tions trace haw the symmetrical form of a aine curve,

¢ g, 8 unit of megeleratina < taae’eration of gravity = 32.1T feot/wes./anc.

5 The vhari is divzed wmioisally Ariv oofl @ ofF inghwes ¢ (he printsd tipes,

Lot -

5|
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pame calibratior and chart valuass an the accelerometar of the in-
strument used in making these records, 2pd YOU CANNOT APPLY THIS
PATTERN SCALE TD RECORDS MADE WITH YOUR IRSTRUMEWT.

Left-wing-low trace and right-wing-low trace

The left-wing-lo¥ trace represonts movemsnut of the ball of

Left- the standard ball-bank indisater %o the left of itsm venter posl-
Wing- tion. Ths right-wing-lor truce repreasnts movament of the hell
low to the right of its cesntsr posltion.

Trags

god Takon t{ogether, thess trases give a curvs which for all praa-
Right- tieal purposss iz the same as Zhe curve which wonld by obbtained if
Wing it wore pomaitble to record ins movemznis of the Lall in & hall=-

Low bapk indlsator, b The tvecee thua glve a reccerd of glipping and
Trage gkidding, In this mszle for right turms, a trace on the lefi-wing-
Represent low line represents ckidding and e trace on the right-wing-lsw line
tlcyemants represents alipping.

of the

Ball All the plates ereept 1Y) ohow slipping te varying extsnte

of the and for varying amountz of times, None of the plates ahows any
Ball-bank marked skldding, altheugh s few slight traoces zppsar en the lefi-
Indicater wing-low line bgtween the barred arcs in Platas IVb ivd, iVe,

1ve, IVg, 1vi, and IV§.

Pltoh~and«longltudinsl-asceleration trace

Elteh-and-longi -
tudinal dcgeler- The piteh-ond-longliudinal=-socsleratien trace suppliss ne
ation Trace Sup~ walusblie informetion concerning power turpg. This traoce cannot

pliss no Useful be iptarprated in the sase of power turns, because it resords a
Information con~ oombination of two affecte which tend to cancel each other in

corning Power the trace, and whioch cannot be separated in the trage. It should
Turns be dlesregarded.

RATING PERPORMANGES OF THE 720° AIGHT POWLR TURN BY
MEANS OF THE PATTERN SCALE

As indicated in the Introductilon, all that is needed te

rate a performance of the right 720° power turn by means of
thie gomle is to "matel® the record with the one most nearly

resemdling 1% irg the seale.

You will note 4hat $wo petiernz are lncluded Tor aech
olase of the wonle, and that theme two patterns in some ln-

76

{For the baneflt of resders interested in aerodynamics )

This situation repulte from the fmot thet the partilcular affsets vasordsd are
independent of the masges invoived. Ths ball and the pendulums of the R-3 in-

strument which producs theoae traces respond %o impossd acoslerations in the

pame manuer. overtaln differenses result from the frot that the ball ic "demped”
by being congtraived teo movs through s reeiraining flulid, whereoan %he pendviums
are undamped. Coasequently ths pasrdnlums rospond more qulekly to impoaed ad~
voleraticns and vespsrd to slight mevelarations, such ae vihrations, te skich
Bhs Yell je reaifativoly daerasiiies.,
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stances show merkad difforences between themeelvus, These dif-
feoronnee ia patierns which were ssplgned the sams rating are dus
to the facut that several aspacts of the performsnce are included
in the ratingz. Oae atudent might be belter in one way than a
socond ptudent, but be poorer than the second student 1in another
way, Oonsldered as a whols, however, their performances might
be about the seme.

For example, the pllot who flew the turn recorded in Plate
IVe allowed kie bank to vary widely and frequently. The load
factor trace of this plats is full of jagged "peaks™, MNorsover
thers ia & notiasable difference ln the benk during the first
half and the bank during the second half. Thip bank performence
is not =0 good &s the ons shown 1ln Flate 1IVf, whers the bank an~
gle showns no wide and sudden fluctuations. Yst the turn repro-
dusad in Plats IV{ iz worse than the one recorded in Plate IVe
with respect %o lateral balance. As shown by the rightr-wing-low
tregs, the pllot sms in 2 slight sllp almomt throughout the turn
rosorded in Plake IVI; while in the c¢aze of Plate IVe, the pilot
sorrected boeth slipping sand skidding fairly promptly. Conslder
ing everything, neither parformanse is sush better or worse than
the other,

In construotirg ihim seale, tho attampt wes made to seleat
for each claws {4hat is, Very Pooy, Poor, etc.) two records which
would be about ap different from each other in pattern as posaible
These two patierns represent the limits of the class. Any record
vhich resembles olther patisrn would be glven the rating which iy
marked on it, and any record which “falls between” the two pattern
would be given the rating warked on them., For sxampls, a vattern
whioh looks llks n "oross” boetween the two patterns marksd Cood on
the scals would slec be rated Good.

0f ceurse, "bvorderline” records will be found which may re-
semble patterns in two claeses of the soele. For example, a reoc-
ord might be found which looks liks 2 "erosms™ batween Plate IVas,
marked Avermze, and Plate IVg, marked Good. In such cases, if
thers is great difficulty in deolding whioh pattern the record re-
aombles moat, it would be woll to examline the record for & few
significant details, and make the judgment on the baels of this
examination:

1. Prgp-wssh effsoiz. Many oasss of hitting the prop-wash (slip-
stremn) osn bs idsntified by means of characteristic effecis
on the record, These characteristic sffects are shown in
Plate 1Vi. They consist of: a. A rapld drop of the load fao-
%or trace to its bage-line;, or a point near the base-llne, Db.
At the came time, a rapid and rather extensive elip {right-
wing-low) or skid (left-sing-low), or both, usually quickly
corrscted, and o. A rafid return of the load factor trace to

approximately ita provicus heighi.

8ince if the prop-wash is hit at all; it will be hit at the
end of the first 3609 of the turn, thess effaots zust ccour
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about halfway through the turn. } they ocour elsewhers, a
"bump” or gust might be the cause.

If these prop-wash effeois are present, the rating of
the performence willl ordinarily be very high, since hitting
tha prep=wash indicotes that the fipst 36CC of the turn was
nearly a perfuct olrole end showed negliglble change in al-

7

titude,

Abasnoe of On the other hand, when these prop-waash offsots do mot
Prop-Wash appesr on the record; it does not nacessarily mean that the
Effeats from performanse should be given a lew or average rating. Fre-
The_Resord quontly thess effecta do not appemr on the racord even shen
Doss _not $he pilot does hit nle prop-wmahj or 1f they do appsar, are
Hoan that much loss marked than thops shown in Plate IVi. Thase ef=
Eﬁﬁiaﬁ_ fecte ars marked only when the pillot ancouriers his full
Sould slip-atrsam; 1f he hits only the edges, ths effect on the
be low records is slight,

Moreovor, eaven 1f sll cuses of hitting thes prop-wash
sould be identlfled, it would ba impossible to say exactly
what it meand whea the pllet did aot hit his prop-wash.
From these reocris, one aould say only that the pilet did
not fly a perfect circle in the firwt 360° of his turn, or
that he changed mltliude, or hoth. One oould not say ho§
far the first 3609 garied from a parfsc olrele, or wheiher
$he pilot lost or galned saltliude, or how much ths altitude
changad,

To sum up, presence of these prop-¥ash effects on ths
racord Indiesise that the rating must be high. Their ab-
gonee ip not interprelabls.

2. What %Yo loek o7 in the load fastor troge. The lLemd
factor treos wiili reveal meny faults erd merite of bank
perfermanss. seentlally banking faulic in powsy %vrne
bave to do with 4we hhing?é attainlog & given bank and
meipteining & gilven dbank,

m. Abtalning bas 60° bank |
{1) Pashaps the firat question sliculd be, Doea the
TR r—
77

Since the propewash is merely s mass »f turbulent ailv, sny e¢ffeat which it
produces on the record might s produced by any turdbulemt air of similar vweali=
oeity. It should bs nmoted, howevar, ihat gusts of sufficient veloeity to
Produse such vlolent afreasts upon the recard als Jnfreguent in weathor cuondi-
ticas during which siudent flying le osrsiitsd.

In mansuversy prescribed wiih reapset 5 s palab cr peblswrn om the growad,
such ap a rsclmngalar couwryes, thilg wr:id beosony "appropriate variatlon of 'he

bﬂnk“ »
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satudsnt attain a bank of 609, or if not, how much
doen his bank differ from it? In comsidering thi
sapeot of performance, 1t is well not to bs too
savere in rating, for many expert pilote are gqulte
inegcurate in sstimating bank, Too, in gome light
airplanes a benk of 60° cannot be maintained for
any length of tims without loag of altitude.

For ezampls, only one plate in thie soale
shows & bapk of 60? (Plats IVh, at the beginning
of the turn.)

In gensral, the best practios would be not
to gonsider differencas as large as 15% to be zer—
icug. If the student banks within the range I
stosp banka (459 = 609) throughout ths turn, thie
is quite acceptable. Thus, in Plate IVi rated

" Very Gogd, the pllot®s bank during the tura aver-

nzea about 50%. In Plats 1V], also rated Very
Good, the bank avsrages about 459,

If, howsver, the bank averages a figure which
ia wall in the range of medium banks {300 - 45°),
a5 in Plato IV¥e, or approachsp ths range of sheallo
banks {10° = 30°}, as in Plate IVd, thls eshould be
gounited againest the psrfermance.

4 second queation might be, How doss the student -
attain his bank? Doos he roll up bank rapidly ani
emocthly, ws in Plates IVh, IVi, and IV], or does

he attaln £%¢ in "steps™, am in Plates IVae, IVg,

Vs, and IV4?

A very olear progresslon in the step-iike
charasteristios of the entry san be geen in these
platon. The pletss ranksd Very Poor, and Foor ell
exhibli a "ragged” step-like sniry. The plates
marked Average show a fow "otepsW in rolling up
bank. Plats IVx, marked Good, also shows speveral
minor "ateps™. FPlate IVh, marked Good, and FPlate
Ivi ard IVi, mar§;§-$:F§‘Good, show no “steps” at
all, tut a pmooth, rapld rige of the trace from
its basa-line.??

A third question might be, How does the etudent
roll off bank? That is, doos he return to levsl

- attivude rapldly and smoothly as in Flatea IVh,

I¥i, and 1¥j, or does he rscover slowly and halt-
ingly, as in Plates 1Va, and I¥b?

2 1% 14 important to nots, however, thet slight bumps in the air can produce elmi-
lar steps, sc it is wiss to take zir conditlone into account. Theose recorde

were all made in smooth air.
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Ihe sy reawnrke apply to the langth and
pbop=Yike aknractisc of the recovery ae %o the
leagth and atep-ilke character of the satry. It
sdght s noted, hovavsy, that the pllats whosa
recardo ars caproduced in thie gcala tend to roll
off bark more amsoihly them they atialn it.

Belitive Lo meinisining a sonstant angle of bank,
ene wlght aek %as guestiono:

{L) Afser the gtudent has sitained hig barnk, How
Brest in Loe range of flushustion 1w his bank,
throuehout tha turn? Thet is, whet are ths limiis
cwithle which big bank flustuated?

{2) Bow wash doss hie bank flucbuaits within thozs

Timlin?

With regard %o queetlon (1}, ithe betier student
will meintedic hie chosen tank within e few degrecs,
Thus, raving aiiainesd his benk, the pilci whoes par-
formanve s recorded in Plate IY] allowed it to vary
enly sbout 6% - within & rangs of 429 to 48°. Plats
w4 showe an “pwer-all® flustuaticon in bank of aboub
149 -~ within a range of 389 4o 52%, (In considering
thie fluctuntien, the largs varintion in the surve
ecawrTing al the polnt of hitiing the prop-wash should
be igacred. einse 1t 1a mark of exeollences rather than
a fault.) The pilet whoze performance 1s recorded im
Plate IVh allcwsd Pie bank ho vary ebout 15% -~ within
a ranga of 45V - G0,

On the other hkand, the pllot whoass performance 1g
vogurded in Plate J¥a allowad his bank to vary aboud
29% or marv. 9hs highsst bauk he sitmined during the
turn wes sbouk 479, The lowoat wus at least 189, and
purbaps lema, for the lond faetor iracve ig at the bage-
ne for payeral seconds st acubt the middle of the

BELOUTEHT o

With regurd 4o gusstlon {2}, within the limite of
hla bank fluctustlon, the poorsr student will ellow his
bank to flusiusde very rmpldly and often, and the bLet-
tor studant «ill show only m gradual fluctuation,

Thus, the bank fiuctuation in Plate V) is very
gradualy the lond factor ourve is almost etralght.

The fluotuaticn in ths Very Poor and Poor plates 1z
earksd .,

An intoreating contraet is i{he cne betwsen Plates
Ivh and IVa. 1In emch of those plates, the “over=ail”
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fluctuation is about the same -= 149 to 160, Flate
IVe showse oontinual, rather sharp, minor variaticne,
howaver, while Piate IVh shows a graduszl desline in
bank with few sharp variations.

This contrast le partioulerly interesiing be-
sauso it smphaaizow the nature »f the load factor
ourve when trsated as a ocurve of bank. The surva
of Plate IVh lies in the upper part of ihe chart,
in whieh trace varlatlone repremsenit fairly small bank
flustuations. The first part of the surve of Plate
IVe, howevar, lles in the lowsr part of the chari,
in which ¢race variastions repressnt greater amounts

of flustuation in bank,

THE FACT THAT EQUAL HEIGHTS OF THE LCAD FACTOR TRACE
REPRESENT DIFFERENT BANK VALUES IR JIFFEREWT FARTS OF
THE CHART MOST BE BORME IN MIKD IE CONSIDERING ALL
QUESTIONS WHICH RELATE TC BAME PERFORMANCE,

3. %hat to_look for in the lafi-winp-low and right-wing-iow

traces -

Egeoentlally there are two queations relating to
alipping end ckidding: a. To what extoent doee the stu-
dont slip or sikid and b, How long and hewd often doss he
9llp or ekld?

The two facbors of time and sxteant must be balanced, *
The beat studessnt doee not slip or skid to a grsat extsut,
and he does not allp or skid ofter or long. The nvarage
gtudent may sllp or skid to a allght extent for & fairly

long period of time, or on several occaslons; or ks mey
plip or skid to a falrly large exteni for e short time.

The worst student elips or skids tc & large extent either
often or conmtantly.

Perhaps the cleareat progreseion to be sesn in ihip
scals is in tho appsarance of the rightdwing-low {elip)
trace, LEven a czsual inspection shows the parked dif-
forences in slipping from class to clave. (The silp dus
to prop-wash iz Plate IV ghould, of cocurse, be ignored.)
The ¥%ory Poor pllots tend to slip sxtensively and for a
great proporiion of time, The Poor pilots £lip to e
leze extant and cosmeionally corrsot thelr slipping. The
Average pllots tend to corrsot even more frequently. Tha
Bcod and Very Good pilots show only occasional slighté
slipe, quliokly correoted. Plate IV], iz fsot shows ne
sllpping at all, :

On the othesr hand, there are nc marked differences
in skldding. Ths Very Poor and Poor Pilotes show litile

.or no skidding, but this faot 1s only s reflsotiom of tha

time they spend ln sllpping: they slip s¢ much that thay
oannct skid,
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Apz indicatad sarlier in thia r@pof&, the present manual ie lntended to indi-
sate how pattern soales may be emplogsd in helping te evaluats performance on
7207 vight powar turnm., Sizllar patisra sozles oan be devsloped for other manou-
vers in the interes’ of faciliteting the instructor's task in estimaiing ths pro
gresg of studente in learning te fly. '

TA3LE 4

ek Yaldvan af foed Taetar inte Yeluse of Bank

- ) Yalue of
Crart Line Angla of Lank im ° Eash Chart Spaoe

Bass=-1ine 0 - 18 =

let urintsd line <5 T

2nd " " 36 2

3rd » " a6 [

4. t‘ h o [N 44 &

S5th  * " 48 4

6th n W 51 3

?tlh " L] 54 3’

Bth " » 56 :

$th v = - 58 2

10th 7 " 3 6o 2

Top extrene 61 1 :
4

This tahle wap prepared sz followsa: -

The value of lead fachor in g was cbbainvd for each of the above chart lines.
The base-llne indicates 1.05g or less, siioe ths resstraining spring of the sacsl-
arometer wag 9of with an lnitlal tension of 1.05g. Each additional 0.10 in. in
height of fracs ¢ C.10 edditiemsl g.

The bank value ¢irrsapendlag #o sash valus of load factor wae them obiained
asgording to ths relalion:

load fauvior - aseant of the angle of banko

=

The a2lumn headed "Value of Emch Chert Spase® glves the differencs betwesn
each bank valus and the one precsdiuz. Tho first valus of 7° and the lust valus
¢f 1o ars uct the values ¢f wsholo vertisel chard gaces {1.s., the diet:nce between
orinted shart linse} a8 ars the cihsr velass,

The fire? value (7°) rapressris oniy the first half-speos, sines there wmsx
only one half-gpace batwesa the hose~lire and the liret printed lige.

The laet value (1%} repressate only the Lapi half-spaca sinoce ithere was only

ono half-zpscs between tha tenth prinizc lins and the top extrems.

et

T



AN ANALYSIS OF GRAPHIC LECORDs CF PILOT PEHFORIANCE
CBTAINLD BY ABANS OF TdE K-S HILE HECORDER

INVESTIGATION OF THE POSSIBLE DIFFERENCES IN OVER-ALL QUALITATIVE RATINGS
IF "PROPER™ BANK, RATHER THAN ERKONEOUS ACTUAL BANK, HAD BEEN USED IN
DEREIVING QUALITATIVE BANX ITEMS
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APPENDIX C

INVESTIGATION OF THE POSSIBLE DIFFERENCES IN OVER-ALL QUALITATIVE RATINCS
IP "PROPER" BaRK, H4THER THAN ERrONEOUS ACTUAL BANK, HaD BEEN USED JN
DERIVING QUALITATIVE BAME ITEMS

l.6. The velue of Iiem a, %over-allM fluctuation in bank, for eech per-
formance on the third flisht was re-computed by derivetiun from
the ®proper? bink and wee compared with the previcusly obi:ined
velue derived from the Tactual¥ bank in the filrat recding with
Data Sheet (Series 300 - Dz ~ 1). This comperisen is preasnted
in following Teble A. The difference values should bs laoterpre~
ted without regurd to sign.

b, Inspecticn of Table A reveels that palred vulues derivec {rom the
two sets of dete do not differ meterleily with perhaps Z sxcep~
tions: thoss pairs in which the difference velues sre 5,6, and 11,
respectlvely. Even in these three zases in waich the velue for
the individual ltem would sdmittedly differ, it ie extramaly doubt-
ful thet the final over-all rciing would have been affected.

¢. In the cage of the pair of values differing by 119, the raiing
could not very &t &lil 2ince the uvalue derived from the proper
bavk 18 a "worse" walus theta the one used in the originsl final
rating, which was Yery Poor.

d. Moreover, the grestest viriation I any pair of values wlll ceour
wlth large rezdings of intermitteny slipaing or skiddivg. The
largsr the leterel imbalence readings, the grester the poasible
variation 1n the two values; but &lpo, the lergsr the I:teral im-
balance readings, ths less the posscibilily that the raling would
be changed by substituting ths new wvseiuve of over-all flucitvation,
bectuses

(1) An increase in the "over-sll® fluctustion value would tend 4o
lower the rating, which, if the sllp or skid rezdings are
large enough Yo producs a nsterial chaage in the over-zli
fluctuation velue, 12 slrsady in the lowest or nexi-lowest
category.

(2) & decresss in the ovaer-all flucturiion velue would tend to
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TABLE A
Over-all Fluetustion in Degress
As noted on ceries
Subject No. 300-Ds-1, derived from He-read, derived Difference in

arronecus asctual bank
yaluss
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ey
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SRRJRYY

<9
20
A

24
8

B
13
3
9
25
20
20
25

@

~

16
13
6
10
i3
20
g
®22
i9
32
3z
20
13
2l

from "proper® dogrrees
bank velues
32 +3
14 -6
14 0
19 -5
i -]
18 +2
16 +3
3 [»)
9 0
26 +1
19 -1
20 0
23 -2 s
‘9 +1
16 D
i7 -1
6 D
12 2
9 -4
21 +1
i -1
33 411
15 -3
34 +2
32 0
17 -3
10 -3
17 «dy

Scale=-length aliy used in determining the lowest ®actual™ bank in this case.
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raise the rmtinz, Sut ot in proportion te the vilug of that
3

dscrTesbe.

je Ci & in valuss of Ltem b,
2., As to possible chengss on account of differugceg .
(deviaiion of subjectys bapk fpom the prescribed benk) the following

is +to be said:

a. Tt ia cbvious thzt in any ons cezs, the two valuss could differ

&t the most only

by the average 1eteral imbelance reading fer

the average erroafous cotual burk cin uiffer from the averasje
"sropert tank only by the aversge latersel imbalence reading.

. b. 1If both slipping

and gkidding cocurred, the leteral imbelance

resdinga would iend 2 ceneel auch other, and the difference
wouid be even less, Excepb in cused of extreme snd prolonged

siipping or (not
cesd 4 or 5°.

and) skidding, thie difference could not ex-

c. It will be recalled that ihe velues of this item were very

loosely iInterpre

+ed; in effect, »ere grouped into ithree 2lasseg.

It will be recalied furtheriaocr: that relatively littie weight

was glven to the

item. Suchk smell differences in tae wwo valusg

gould be negligible in view of this treatment. 48 in ithe cuse
of the Item a, large differences would occur only wiih large
readings of lateral imbalance. The effect of & large differencs
in values of Item b is even less than its effect in the cese of
the Item s, snd here slac would werdly change the rztlng, even

iﬁ the value of

3. Item ¢, lntermittent

the particular item wers chenged.

(Waide-by-glde”) fluctustions in bank; is not

effectied st 611 as this item was tcken solely from the load fector
trace in the originel readings; 1.s., wes in terms of 7oronsr® bank-

Lea. As for Item d, latersl bulence, it wes lmown et the Lime ¢of the reed-
ings thet even though the laterel linilerce tr-ces oy not be an
sceurzte rcessure of angie of slip or skir, they reprezent tie ceviution

]
0 For exampid, consider the following hypotheticel cose:

fagctual® bank

Proper bank

fiignesat recding Lotest reading Over-ell [iluctustion
5290400+ 140 slip) 20740 imbelance 240
439 ag? 10°

The difference here in the two over-all fluctuatlon values 15 149 , & discrepancy
srester tnem the galue derived from the ®-Foper® benk, But & dacreese in over-all
fluctustion of WP could heraly produce a chenge in the rating of a parforuspce

which contains a scgl
be azsumed to be 16

e-length slip. Tne lowest Psctual® bank value sbove might
(30¢ ~ 140 gkid), in ®mhich case the over-all fluctustion

value of 24% would become 38%. The discrepancy belieen the two cver-all fluctus-
tion veiues would iien be 239, tui fue novion of an improvecent in the reting
of such & performence beasause o' & dasrense in bie over-all “lgctuction wvalue 19

very far-feotched,

i
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of the ball of ore bali-baak ircle. tor frer its centor position. The
rater thus interpreted lstersl imbslerce in terms of the chart scele.

The resulting gualitztive judgments of letersl imbalance would be

the sune whebher the chuart scale was taken to represeat true slip or
gkid angle in degrees, or deviution of the ball from its center posi-
tion, For ezmmple, the _rater's judgment that a ailp was "sllght in

in extent", referred to the chart scale, would be the seae, whichever

of the two data the scale would ultimately he teken to represent. If
the calculationa of the error in the lutersl imbulance lines had proved 1%
to be negligible, the judgment would heve been Interpreted as "aiight in
angulaer extent®. Since the error did not prove to be negligible, the
Judgment 1s interpreted &s "slight in extent we taeasured! by tae deviz-
tlon of the bull from 1ts center position.®

%tizs 8, £, and g «re not affected. Iuentific:tion of prop-wash effecta
e) doss not depend on which bank viiue is employed. Items f and g,
length and steplike churccter of the eatry and recovery, respectively,
were cbtalined, as was Item ¢, by use of the losd factor trece alons, and
thus by using Yproper® bank retber then erronecus actusal bank.

To summarize the above discusaion, it may be stated that there is 1little

chenes that there would huve been & meterisl difference between the over-
all ratings obtained using the erronecusly computed actuel bark, end toe

oggﬁ-all Tatings thet would have been obtained had the "proper" benk besn
i3 o
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APPENDIX D

THE INFLUENCE OF POSSIBLE BIASES IN MARING KEADINGS AND RaTIRGS

1. General

a. Posalble sources of bies in prepuring queliiative rubings wight
arise ouh of the reader's growing famillaerity with ihe records.
Such biag would operate:

(1} 1In comperisons of ratinge made by one method {Date Bheet})
with ratln;s nedo by the othsr (Generel Degeriphion Shaat} s

(2) In the repeit compsrisons of ratin_g by the swps method, ob-
telned with the view of dsisraining the rellebility of the
mathod;

{3) 1In comparigons of ratings m:de by each method with iadices
of pllot steius.

b. In the cems of the first twe types of comparison, an sffective
blas would arise from the raterte recollectiion of tho previous
rating of the performence. In the case of the lstter coup:ripong
an efTective blas would arise from the rateris recognition of &
record &3 that of one of s particulsar group of subiscte. The
posgible influence of bissen dus to the resderis familiocicy

with the records is pressnted below,

2. DRecognition of & Record es belonging to a Psrbicular Bubiact

8. Whenever the ruter recognived the record as that of a particulsr
subject, both types of cowperisons uwighi be influenced by the
possible blas. As a nmetter of fact there were only 4 cases in
which theres wes a positive identiFlection of the record by ths
rater: 2 iIn the records of the second flight, and 2 in the re-
cords of the third flight.

b. The rater wus fanilier with two of these records beowuse of an
intensive treciment of lhem ia & preliwinery trial of ths GUAT =
titative technique. In both thesze performencss, hovavsr, the
subject hit his prop-wash. Thus, dispiscemsnt of the resultivc
high reting on eccount of recognition resms most wilikaly.,

£. The other two wars recognizsd beciuse of frregularities in the re-
cord with which the rever wes Yamilisr. Iv one of these, the
sublect maintrined a bunk throughout of 6002 a feu GOErees; PoB-
8lble displacement of thls cxcellsnt performance om account of
bies alsc seems far-fetched. In the other, the sublect wes known
to be an instructor, snd the rating given on the first reading
wab Average; hare, if the bise wau effective, it was in prompiing
& "leaning over bacciowardg.™
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Recognition of & Forord =3 velourips lu o 3vbised In a Pariiculer Group

£ possibie bilas mizht have arlsen from the way in which the reccrds
wore poted ot tho fleld. Eizh of the two filelc sxperimenters noted

a nortion of the records, identifying eeeh meneuver by numbering

or lattexring the appropriate signal. Orns, however, noled mors re.
cords of the student group, «nd one noted mors records cf the instruce-
tor group. Since the rater was one of the fileld experimenters, he
enuld eesily tell which recorde he had notad and wilch records the
other experimentser hed noted.

This fact, howevar, did not ocecur to the rater until s late point
in the readings. At this point it was useless to havs all the
recorda re-noied by & third peraon. Conseguently, the rater es-
timated the number of records of each group that he had&ﬁoted, and
the number that the cther field experimenter had noted.. The
astuel numbers were cbiained on completion of tha resdings. &
comperlison of the estimctes with the actusl number is given balow:

Noted by Rater

Elementery Privote .
- Biudents Pilots Instructors
Rateris eatimaste 4 i &
Acltual number ¥ & 8

Botad by other field exserimenter

Elenentery Privite

Studenta =~ Pllold Instructors
Rateris estiuwts 6 3 2
Artual nomber 30 & 0

Ii is epperent thet the reter's recoliection of the number noted
is BCc erronecuds &8 te aust dount on the affectivsneas of this
pogsible bies,

a.

In the firot rewalngs by wech pethod, the rater recalled a feow
ratinges glven by ocor reting method upon second inspectinn for

H

— At

The reter's csiluate of the anbrbers noted by each wman wsre hased on hia pe—
cellection of the number of stundurd flight sessions of eech group that each
bad asdulnistersd. The sxperigenter who udainistered the standard flight sea-
sion did not pecesseriLy nuabar the record of ihut session; however.
of sech l4-~foot reccrd and exaninztion of the chesk sheets which the instructo
had filied cut was guite = long process, and frequaently could not be comoleted
immediately after & fliight.
and identificztion of the meseuvers by approprimte numbers or letters wes &c-
complished at later converience. Thua one field experimenter would number in
his spare time any records as yet unnoted, whether the flight vus eduinistersd
by bimgelf cr the other experimenier. The rater was fairly sure only of his
estimates of the instructor grcup, beciuse most of the filghts of thig group
took place in the lagt wesk that tns other experimenter was sitached to the
projectv

Botatlon

Zuch record was first inspected for Irregularitis
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initiel reting with the cther method. The cases of recezll were
those records wvhich had been identifled on the flrsi reading,
and thres or four cases placed &t the very extremes of the 3csle
in the case of each flight. Ths latter cuses could herdly nave
been retod in eny other category.

b. Ceazes of recsll on the secord iuspection by ezch mathod were much
more rumerouad. Thay are discussed in bhe section on test-reteat
relisbility comparidcons.

5. Pogalbls Helo Effect

&4 possible nelo effect might result fron crzuel inswection of man-
euverg other then the right turw. For exsnple, the Tact thsl a
ieft 7209 turn wes adjecent to the right turp on esch record could
especially be suspected of glving rise 40 such a bias {See Picte
II.} TFucts msking for & deciel of such & blas are: (1) more than
& caauel Inspectlon is necesgary for evaluation of the record, es-
zecially in the cuse of She lowd fuctor iruce; {2) the rater wes
prepered, beceause of the resulic of o preliminary fxlel of tne qusahs-
tetive anelysis, to erpect varisbility irom left turn to righi iurnm,
and heace to dieccunt the valus of informeticr shoutb the left turn
as an ladlcetor of the merit of the »i ht turn. It is nzedlesa io
say thalt the reter ubtezupted to mlricize &1l possiblc birges and

to meke an lppartiel fudgment at 11 tumes.
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REAUGHS TOR DINCaRUING 19U LaT4 ©F THD OHIC SYATY CHECE LISTS FILLED IR BY
ITHE ATMINYSTERING INSTRU. R DUMWING THE STIHNDARD FLIGHT SESSION

L. Tp the fore of the Ohlo Htets Check List used im this atudyfm the failure
or the observer %o judge 513 the items rusults in amblguity sa to the interpre-
tation of those itews not checked. The originel Ohio State Check List wasg fio
desipgned thel a check mark alorgside an jien indicates & Judgment of ®Yes,"®

&nd 8 blank ebould indiemte & ludgwent of ¥Ro," in regard to the deacriptive
tezt of the ltew, It is evidert, tasrefore, that "Ho® judgmertes may ba con-
fugsd with omimelons, ond are Snseparable from onissions.

2. Aftar Juolgmenta of ssvernl ltews Tor the 28 sbjecta had bteen tabulated,
1% was coreladed thwt this gebt of dein coatains sc large a proportion of un~
Tucged ltew? that the fidelity of ilae lpdinated "Ko" Judgments is highly
guesbioable. This ecovclvysion wag reached aftar tabulating judgments of
sevaral ilews ler the 28 subjects. Por example, in the cese of a palr of
contrediztory items of the "Power Purns® gheat, "No skidding® aug Agkids,"
whe Ipstructor falled 9 cheek eitner iten for eny subject, although one
umEs necesssrlly epply. Tabnlations of other items revealed similsr inede-
LA SR L= 2

Fo The fraquent ooeursence of Uaidped Ltems should not be stiributed o
mere taralasusnea’ on bhe part of Ias insuvuctor sho obssrved the subjects
duriag fiight, The Ohic Stabte Ciss'e Lfst was ouite long; the "Powsr Turna®
shest alows conteived 57 “texs  Pespite a carefully designed procedurs for
inepacting the race:@s and Chack Sugsia at the ead of sach flight, the prac-

el Gifflenlilss encountered when “ha Tilghts wope made under busy field
erditlomy provented a counlebs shecit 2t the timg.— o

Ls The Yez¥ tudgments of the sheste way represent data both ecceptable

end acciwwats inselar a3 they sre applinable., Even if sach is *he 3a8&¢, how-
sve.s, little osaningful use can be made of these dats without knowledge of
the "Ho™ Jwigpests as well, wné the "No¥ Judgments and omissions camnoct be
saparatad.

3. for the sbove-staied reasons no conparisons were made between ratings
cltaived fror the R-8 recurde end sriterior date from the Ohio State Check
Lists.

fre

8 55 Samyle shoed, Pares 1317-133, Exhlbit 1. This is the earliest form of
the Ohi> 5%3t» Check Idat. Thy pressat form of the Chio State Flizht In-
vertory i so designed that owissicns and "No* judgments canmot be confused.

B ses mantoit I, Face 128.
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Fraface

The followirg is a summary, with slight re-
vision; of a Progrees Report submitied September
1, 1940, to the Executive Subocommittee of the Com-
mittee on Selectlon and Training of Alreraft Fi-
lots by H. M. Johneon, directer of the Tulane pro-
joot .

Tho regearch staff of the Tulane project, who,
with Professor Johnson prepared this Progress Re-
port, included: Percy W. Cocbb, Research Professor
of Psycnology and immedinte supervisor of the pro-
jeat; Vidkunn Coucheron-Jarl, Researoh iAssistant;
and Oscar Baskstrom, Jr., Research dssistant.

Cscay Backstirom, Jr.
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EXHIBIT X

SULKARY OF THE GRAPHIC RECORDS PROGHAEM

CARRIED OUT AT TULANE ULBIVERSITY

b troduction

A. 4s originally coneeived, the graphlc rszerds project inliimted ad
Tulane Onlveralty in February, 1949; had thrse primery almeg

1. The discovery of sulitable mssus of oblaining objeclive criteris
of pilot psrformance by the use of graphic records of data vele-
vent to airplane attitude. This aim imcludsd the svaluation of
commercilal flight rscorders when employsd for the purpose of
supplying objective criterion datla.

2. The comperiscn of criferis obtalned by meavs ~f graghic racerds
with data obtaiped from simuliensous records of the pilot's rove-
ments of the comiwols, wilih the obismct of discoverimg the relation-
ship between methods of moving ihe controla end merlt of Liight
performancs.

3. Ths compariscn of graphic recerds obiained om atwisnts at verious
steges of imstruction, with the cbjset of inwveatipeting the devalern-
ment of pilot akill. .

For these three o8ea, R-8 Ride Recordsr rocords sad Friez Cable
Control Recorder”* records were obtained during the daily instructicn
flights of a group of ten subjects envolled In the Civilian Pilot
Training Progrem primary ipatruction courss at the Kew Orlesnz Alrport,

B. 1Iu Hay, 1940, howsver, a jJoint slanderd fllght program wax projected
to be carried out at Tulane Univeraity, im additlop te the proagrea
outlined cbove. The eims of tanly program wares

1. Further investigation of suitable msans of obtaining objeatize
criteria of pllot performanze, by the use of grephic records of
.Btandard flights.

2. The comparisun of the performances ol groups of relstively widely
- aaparated sxpaerisnce flying the eeme menouvers umdsr standsrd
conditiong.

3. The comparieon of an iastructor’s direct chserwations of contrel
movements end the wmerit of flight parformance with graphic receords
of both,

g

84 This instrument is designatsd the "Friesz Fiight Analyzer Mo. 642% by ths
nanufecturers. The nams "Frisz Cahle Control Rasordsr® {or "Jcatrol Cable
Recorder®) has bssn sdopted by varisua ussrs, however, bslung mere deserip-
tive and readily distinguirhing this inatoument from the Frise Flight Ana-

lyzer No. 644, which is commouly cslled simply the SFries Flight Apaiyzerw,
(Sea pugal?2 of this Zzhibid.)
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in thip standard Ffiight progree, grephic rscorde were cbleloed by
poans of the R-8 Ride Hecorder ang Fries Seble Contiol Recordsr, of the
performsnces on stenderd £lights of three groups of sublectsr elementery
atudents, recently llsensed private pllets, and re-rated inetructora. These
ptanderd flights were cdministered by sn experienced erd competent instructor
vho also filled in; during the time of flight, observallions on the merit
of the subject!s performance sid hie methods of moving the centrols by maans
of seversl chegk sheets: the Uhlo Siate Check List, the Univeraity of Penn-
gylvenia® inelysis of General Flying Hablis® sheet aud the University of
Popneylvenis "Eveluation of Flight* sheet. The procedure of each progrem

———

IZ. Selectico of Inpgtruments.

A. Az Indicated above, the instrumants employed in tnls study were the R-
& Ride Recorder and tha Friaz Cable Control Resorder. Both lastruments,
records of sach, and capsbilities zud defielencies of each, ars dis-
cussed in full in the Jupplemental Report, %"The Cepablllties and Defi-
ciencies of the R-8 Ride Recorder and the Frles Osble Contreol Hecorder™,

B.1. In the marly steges of the project, & few records were made with the
Friez Flight Analyzer {no. 644). This instrument provided the follow-
ing tracee relevant to alrplens cttitude.

a. A trace of load factor (labslied Wertilcsl sc~eleratiom® on the chart},
b. A trece of altituds.
e, A truce of airspeed,

Qf these truces, the sltlituds trace was found to be unazaiisfectory
for use 1n obtaining eriterlion dets. 4 chenge of 50 feet in altitude
wege baraiy perceplible ov the record. This calibratlon was mueh too
gross for use iv investigating problems of pilot sltill in elemggtary
Rensuvers. Tha othar two treces were not evaluated inm dstail,

2. Bhortly after the Fries fnulyzer nad besa inatelled; the R-8 Rids Re-
corder was brought to the atiention of the Tulanws investigators by Mr.
Byron Armstrong, of the Isecec Delgads Qentral Trades School, Hew Orleans,
who had made several flighis wmith this Ingirunoni,

As noted elsewhere (page 3 , Part I of the main rsport), the R~
8 Ride Recorder was originally designed for wse in railway cars. The
manufacturer of the inatrument, Mr, W. 8, Redhed, at the request of
the Tulane project btrought es R-3 Ride Racorder tc the Rew Orleans
Alrport for inspectiun, triel, and comparison with the Fries Flight
Analyzer. Trial flights were made at the New Orlesns Airport by Mesars.
Lrmatrong and Fred Jurgena, of Issec Delgado Centrml Trades Schocl.

3. AP & rosull of thess flights and the comparigom of records made by

8
® Puriber description of the Pries Flight Anelyzer No. 644, and data provided

by 1%, 15 contained in & Progress Heport by R. 4. Bellows snd J. T. Fonteine,
Jr., issued at the University of Heryland, July, 1940.
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the R-8 Ride Recorder and the Friez Flight Analyszer, the decisicn was -
mads to substiiute the R-3 iunstrument for the Friez Analyzer. Of the
two possibly uscful truces of the Anelyzer, the R-5 instrument provided
ons {load fackor); in addition, the R~8 instrument provlided ssversl
cther traces (a trece indlceting that the left wing is held low, & .
trace indicating that the right wing is held low, and e trace of pitch-
and~longitudinal-sccelerution) which the Analyzer did noi provide mnd
which looked promising as & means of obtaining data concerning the
attitude of ths airplane.

C. Also &9 a rasgult of these filghts, several minor modificatlions wars

made in the R-8S Ride Recorder to adept it for recording flighis. Thoss
modifications consisted in the ggovisian of an apparatus designed to
indicate the diraciion of turn.’” This epperatus; later discarded at
the fleld, is described and reasons for discarding it presanisd in

the Supplemental Report, pages 190-13).

{III. Procedures in Detail
A. The program for obtaiming records of inetrneticn £li-nte.

1. At .the Issac Delgads Csunlrel Trades School, Hew Urisans, Loulsiana,

applications haé been receivad from non-collegiate atudents for C.P.To
fNight instruction. Out of those whou compjeted ground school and gub.

- gequently passed the written examination, the ten atudente whc rankad

highest in the writiten ex:mimation wers appointed to recsive C.P.T.
inetruction in the primary course. These ten students were the sub-
jscts of the portion of the Tulane progrem devotsd to obtaining “pro-
gress® records of daily instruction Flights.

411 ten subjects wsre male. Hine of them were pari-time studemts
in the night achool; the cther & fuli-time day student. One of the
group hed had 43 hours of pravious fiyiug instruction {10 hours dual
instruction end 33 hours sclo) sprezd over a peried of 1k years. He
hald a sole licenss, but had never applied for a private licenps.
Another hsd hed 4 hours of dual instruction and 104 bours of solo
insiructicn, & thixl, 8 hours duel imatruction and 15 hours sole. The
inatruction of both of these had begun only & short while befors the
regearch began. A fourth subjisct had had 8 hours dual instruction &
yeax previous, and a f1fth had had 2} hours dual instruction. The
repalning five had had nc previocus fiying imstruction.

Thesa atudentz were assigned to ths Southerr ticn School for train-
ing in sn leroncs Tsmder Trelrer, Medel 50-TL, ' umder tha inetruction
of Bdwsrd R. Casey. Thay {lew only this airplane, except for cross-
countr; trips, during which records were not taken.

Except for records of crosg—country lzips and those missirvg oo account
of instrument trouble, or negligencs, complete records of the flying
instruction of eight of these subjects were obtsined, insluding reccrds

86

87

Unless the direction of the turn 1s lmown it is nwot lkuown whether a trage on
the left-wing-low 1line, or the right-ming-low line, represents elipping or
akeidding.

£ sllek=iype alralzas.
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of tha O g%, fnspccter’s Flisht Bawl oo eerpletlon of the
evrse. In the oo oc of Zhe other bwo guhlecta there aro 2o
racords ior the inspsctor's Might test snd the lest five and
fifteen hovrs of insirucilon,respsciively.

A. The imstrument: were stecbea just Lefore ths plane taxled out
end weva gtoapsd when it returnsd to thoe honger. Thus the
ehele of the iastractlon flizol wes recorded.

Taring dusl Tlichts the instructor wee seked %2 signal
in op the vecerd {by msans of e pusbspubticn coutact Anserted
inbo the control pensl) code signals™for the muneuvera per-
Pormed snd ratings of the performance. The studenis were
saked 4o coopercte by slgrelling thelr mansuvers during sols
#lying. PFor tale purposs e push-buiton coatect Weg conven-
lently placed on the top of the atlek.

Ay ofton as pesainle, the instructor or atudent; or both,
wers consulied o vlezr un uncertain sections of the record
aord Lo idsntliy deubofol meneuvers. I would heve bwen derir-

s - - ghis as e roubine arccadnre to digeuss each record mmedliabeliy
sfter completion of The flight with both the imstrucior end
he student. The Lngﬂaued gonditions of instrvetion provented
Euch senferzncas, however, in many ingtences.

5. Fach veoord wes merlkasd wiik the sane of the student, the ord-
inal numher of wizn record, tha date arnd time »f the flighi,
whother dusl or molr; and thz mensuvers mere ldsntiflisd so
far an pOﬂ&*L¢ . The nusher of previouwz fiying hours, both
in the C.F.T. cowrse arnd 211 previous flyieg, 45 sleo &vgﬁla
avde for cach reaord.

B. IThe stardord £iisht crostan.

!S\"g

1. Twemty-sight cubjsetsn ware guployed in the standsrd £1ligbt
wropce®, ineluding ore groav of ten elenentury studente, ons
group of ten rocently Ileamsad pﬂiva+e pilotz, end one group
of elght re~rated Insteuctors. Tor compositicn ot thsme greups
with “&Ep&rt b flylag experlenze ls glven Lu Yable I8 - G,
pagen 15427 ©7 this Brhivlit. 211 2% subjecta wore male.

2. Peon of these subjecls wes roquived to pllot the test airplans
{the esme wiiplene veed L1 obt talndng records of sivdends? ine
stepotions flights) ln a serles of standerd fLizht: diagrsrned
and Gescribed in detall, pages Hd34incloeiva, under the sdnin-
letration of en exgerlenpged inetructor heving approriredely
5,000 houra flying time, oY

&g

———————— A VIR . S i AT fure k= Mo s

“The aignel ¢ofs “a veproduced im Zhe Suoplemantal R@Egyﬁs‘ﬁéga 196,

The sdnintsbering instruntor wap Yrs. Zdna Gurdner ¥1dd of the Sruthern
Aviatior School.
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3laanifying Subjects Assording io Jdcenee Status and Flylng Tiws
&
Dlomentary Students in the fAvilisn Pilot Tralnlng Program vwimsry Gourss

70 Time lapsz of o2 yeur between this lrciuing end C.P.T. training.

L onig training "spread oul” over period of little more then & yeer. Little
time lapse beiveen it end C.P,T. traicing., This subject was grouped with
the private pilots ‘n making stetisticel enzlyses of the data in both the
quelitetive and*quantitetive studies, gince the smount of his totel fiying
tiwe exceeds thet of the usnel time sllotted for completion of the C.P,T,
. orimary course and le grecter then the totel flying time of sevaral of the
grivate pilots,

e e et s A 0 B R AN DR L

Sembnl Flying - ﬁqP.Tol Total { Filyinzg ] Yreined : {lams in :
for Tims Flying | Tlviung | Tire in | Primerily Pilot Status ‘
Subject Pravioue Time | Tlire doroaes | in , Indsx 2, Sample
to C.B.T. i Tundom Qualitetive Ana-
: Trgingy lysls {See page
| 44, Part I, maip
! ' report)
— i o 8 T o~ e S ¢ ; JUUR U S RN NS . T - - -
1
1s ; G 2E.5 25.5 25, - foyonea tavden (¥
! ,
2o G p 220 | 220 | 2.0 Asronca %ande ¢
i:
17 £¢°0 (a.e lage | 21 fevoncs tenden ¢
I and Piper Cub t
i : tandam
i §
| 2a z3.0% lave luwo | 170 Aercnce tanden D
5 i i and Biper (ub
: 3 { tendam
{ i ;
| 2a 9 ; 145 5.0 0.5 Pipor Cub tarden A
e o 116.5 1as.5 | 18.8 Aevoncu hendew ¢
14 b 1165 {17.0 8,5 Piper Cub tandem A
ig 0 L 170 $18.5 1.5 Piper Cub tendem A
ik 9 2.5 w05 PN Aeronce Lenden C
ii O 5.5 15,5 15:5 Aeronce tandem . o
Tﬁll time fizurca are given to Yae nearest haelf hour, ”1
bail flydng tive in the feronca tsndem trainer was 1 tha%
jgﬁgﬁ@gﬂl&; et slrplane. ‘ ‘j
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92 £11 time figurez eve given tu ths newrest hous

[O———

ar hal? hoar,

&£11 fiying tize wr the . erogsa tendsm troiuer wes in tha
porticuiar test ¢.xplen .

g
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TABLE 7
B.
Recently Licensed Privaie Pilots??
=5 i T T .i 4 - e
Syrbol | Fiying GaF.ToiTotal |[¥lying [¥iying Time Flying Time flesa in
for Time Pre- (Fiylng!Flylng Time fm Betweon Pri- | Prinarily Biioct Sis-
S8ubject vious to |[Time |Time |Aercres  vels License | in tus Index
CuPuTe Teuden | and Standsrd 2, Sampls
Tralner [Fiight Ses~ nalite—
%sion tive Ang-
: ‘ l lysis {%ee
| ; | i pageds, B
' I I, nain re
! cort)
- N ——- - b . — -— —_
! ‘ i ' ) !
2s 2.5 378325 137.0 | v | devouss tendem )
2b 43.0 35,0 |2%5.% (360 L5 garonsn tardsn 2
i ' i and Piper Cub
! | Lznlsm
2 |0 35.0 135.5 0.5 Dos | Piper Cub tenden | B
28 0 38.0 [35.0 1.0 O Blpsr Cub tandanm B
27 54,.0 G 64.0 4.5 18,0 | Pipes Cub tapdanm e
2 0 35.0  135.5 11,0 | 0.8 | Plper tub tandss B
2u |52.0 & 52,2 (3.5 13 Fiper Cub bandem ¢
21 18.5 35.5 {54.0 I3%.% E o Asroaes. tanden D
! and Piper Cub
i l ] | tendem
23 E@ 25,0 135.0 0.9 i 0 Plper Cub tendsn B
I ' )
A o 35.2  35.0 L. J ipsr Qub taadem B
-‘ i |
: ! f ! |
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.
Be-rated Insiruciors
T | il
Bybol approximate ’}| Approxizete | Prineigsl Class in Filot |
for Subject | Totel Flylng | Flying Time ! Types of Status Inuex 2, |
Time in A=srcnea | #lying Ssmple Qualite- !
Tendem Trainer ! tive Anslrsis g
i {See pugeds, Par§|
} I, mein weport)
L} l — i . -i
Ba 300 i Seversl hours | Claus 1 seaplenes, B
i eaiefly Leronca |
[ i
Bb 500 2004 Ciaes 1 E \
Be 150G 150 Clags 1 end £ E
Bd 1900 Nona Miacellenaous ~-
large smount Cless 1 B
Be 1750 Several hours” | Alrline end Class 1 E
B 1700 Hope 41pline and Clags 1 E
B 2100 150 Simss 1 and advenced
truivers {Clesa 2) E
B 285075 100 ALl types E
93| As estimated by each sublest,
4| These times in the partigular test airplane; all other times in thir ccluma
in otner Aercrea tandem trainers.
95 Logged time only; estimated 40005000 hours, including unlogged tims.

Bemer



=128-

i | g1x ptandard £lighte were flown by sach subjects thres brackets
oach consisting of the University of Pemmsylvania Standard Flight
4 snd Standard Fiight C-1, respectively. .

Except in a few casges whers wsather or instruction condi-
tione did not permit, the three brackets were flown ir immediate
succession in one sesalon: Stendard Fiight 4, Standurd Flignht
C-1, Rtandard Flight A, Staaderd Flight C-1, Standard Flight A,
and Standard Flight C~l.

3, The pubject examined the diagram of each flight in the presence
of the field experimenter, who explained the prescripticna and

poses of the fliﬁhtw Graphic records made by the R-3 Ride
Eggcrder and the Frisz Ceble Control Recorder were cbiained for

! the whole of esch flight, including transition waneuvers and
" taxi in and out. The administering instructor gave the subject
wverbal dirsctione for sech mepeuvar as the flight progessed and,
oy meanpg of a aignal marker, marked on the record the beginning
and end of ssch mensuver.

PR £ S RV B B AT LA
DN L i L :

ERUAEN .

Vuring the first two brackets of 3tanderd Flight A and C-1,
the administering instructor filled out cme University of Penn-
gylvania "Analysis of General Flying Habita" gnd one Oniversity
of Pennaylvanis "Eveluation of Flight® sheet?® for each bracket
{1.0., both flights). During the last bracket, the instructor

_- f11ied 4in an Ohio State Chsck List?! (eerliest form) for Stan-
L derd Flight A snd Standurd Flight G-1,respectively.

i ( Surfuce wind velocity avd direetion, air sconditiona {pre-
= gsence of humps), irregulerities in procedurse, and notes on the
- subject's attitude toward the experimental situatlon were re-
- corded. Ths numbsr of Plylng hours each subject had at the

< tire of the Ilight seesion was also recorded.

4. After the completion of sazh stendard flight session, the follow-
ing procedurs wag employed. If ths instructor had noted any
irregulerities in the execution of the flight, the graphic records

L of the flight ssesalon wers checksd to cleer up possible ambigul-

tisn. If the instrucicr hgﬁ notad no irregularities, the graphis

B records were checksd last.”’

Ths instrucior checked over her judgments om the esveral

- check sheets {12 many cages completing them then, because of
o : ingufficient time in flight) snd filled in raiing sheets from

7 the C.P.T, loghook which were included in the Chic State Check
. Liat for each subject. The £3eid experimentsr then shecked

76 See peges 137 and 131G rempectively of this Exhibit.

) °7 The complete Ohio State Check List is too long and too bulky "1 repro-
2 duction. One shest of this List; however, the check sheet for power

- turns, 43 included, pags 7. The ramaining sheets of this Check List
have the same genersl form eas this shaat.

a3 '
-~ Bach record waz approxinately 1.0 feet long.

et gamdim e
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CIAGRAM OF STANMDARD FLIGHT A

(For uee on Runwsya 2, 1, 4, and § et the New Orleans, Loulsiana, Alrport)

5 & L Flight Clisd to
7 at 600° alt.& &00°
} 909 Lefk Cliuzbing

90° Left Turn s e - Tura
45% Bank éf

By
)
B
9 i_j 907 Aight Turn
- ¢/45° Bank
909 1af% Turn
45° Bank

b
i
{

10 90° Left Turn
( 25° Bank
fe o o 0 Right Turn

90
E w 45° Bank
F

Y Y

F

rd
Glide to
iending

4“15

1z /41-. Bliding Turn

900 lﬁft Turn 14
25° Bank &:‘; LB - s

Cut Stenight'
Throttlse Glide

L s L ekl S CrVpp—

Mote: The solid line disgrem repressnts the airpert lm ite approximate pozition ‘
when Runways 2 and 3 are usedj the dotted line diagram when Runways ¢4 and

5 are used,

Prepared byt Msrris 3. Viteles
Onivereity of Pa.

#iith the as-~ .

cistanse of: Vidiunn G, Jerl,
Tulens Tniversity.

Pete: Juny 4, 1940
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DIAGEAM OF STAMDARD FLIGHY? € 1
(For use at the New Orlesns, Loulsianpa, Alrpor:)
ey i,
4T
t {
' f
]
)
F 4
oo fme. B0y s 5 Down to 800
€« l
climk to i
i
B BOOE 5 C 4 o3, 720% Right
\ ' { Tura
1{r7 ; 90° Loft B,/ 60° Bank
Climb to : Climbing Turn L ¥11aht
1500 l'; 1 S &L Fligh
/ i :
i 4 500 o
/ | RN T T
;’ } &% 3007 alt. 6C® Bank @=(41t. 1500°)
. } £limb 1 A AIRPORT ! £
! : to r WIND :
] : ;300" ,]
: ! 23 !
l L Vi =
\ i Take—off T3 1:125 !
“ 101%— Bogin P 2 I.a..’lding ”
\ 1800 Sid-ﬁ End - 1% !’
E_ Approach :;
\ 4
\ ﬁ}

Note: Thia diasrém serves for all runweys ueed.
Preparad by:
¥ith the aa-

elgtance of:

Data:

Morris 5, Yitoles
University of Pa.

Yidkunn C, Jarl
Tulane Univeraity

Juns 4, 1940
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URIVERSITY OF PENNSYLVANIA

YIL. AERONAUTICS LUTHQRIﬂ - NATIONAL RESEARCH COORCIL RESEARCH PROJECT

ANALY31S OF GENERAL FLYING HABITS

Subject: (. M. H. Flelds JZece %&MW

Date:r g/R¥/fo . Hinds .

Lanes @{@—Muﬁﬂmw Times , 4 ft.?a —- 20D
NC 26389 |
Posture: (/Mamad
Posttions { _corrforZulldy , cteatle y73 ?e&;ﬁ e
fhenges of Positlont o, 2 r..0. 2, . ZW g‘g - me{zﬁ*,
fhrottles oY Breal A s

B. T ‘ i '
::ﬁi?%%/“‘{ /"!?5""‘" ?,MJ' Gt f /%ﬂxﬂwo ‘ﬁﬁ %fﬁ #2260
; g /—"W‘&M . . .
Fardationss L ce 4ot oo, m’:’;f‘”ﬂ-—i—vﬂ?& W&ﬂﬂfﬁﬁzﬁg
(6, cpmrtrre %ﬁ% ‘ : £ g T LT C
C. Rudder: ’ a/vmte.d, A= fo Ay
Position of Feetam,ww W T M /&, L >
Changes of Position: Vo LTI S . P )

tont of Lez M nt@af«fé?ru
Extent of Leg Moveménts: s . -
= '“"'/é?r; S Vi oa ALy

weaping:

D, Bticke . : J
Farietionf in Grasping GA{M;&G/ f&@ ?/ e, i M&Z{ﬁﬁ}m

Hoving Alleronas W‘j"
Moving Elevatorss sestosv et

E. Pommentss
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URIVERSITY OF PENNSYLVANIA
CIVIL AERONAUTICS AUTHORITY - NATYIONAL RESEARCH COUNCIL RESEARCH PROJECT

EVALUATION OF FLIGHT

Subject/: G A H Fielda,?ct; Pl rear W
Date /v ¥ind -
Pla.n;l W Mu X

Wime: lp 2 - =2 O

Excellent

Good
Over-all rating: Aversage

Fair

Poor

Pollowing Course:
1. Altitude: vrereee) 57 Jaek a—t/,é_w

2. Maneuvers: _coe €& _potsaele -

3. A pproachea:};ﬁ..ié . -
4. lLandings: % W;:ﬁ@% _&wf;é/bf,w orf it beseer)

B..Turna

c.

De

E.

G.

1. mtryawv—w

2. Bank:
3. Ratea:

4s ROCOTETY1 _msriroCoti
angle of Clinb and Glides Wz /w—yc

Straight and Level Flights
1. Constancy of Attitude: _reetrcsw

2, Extent of Control Adjustwent: orovsna £

Throttie Controls o srcan st y% ,
Traffic Checks ;«»—L

Counentss W Md Mw
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fiayd

(Y {) cimltznecus a pllection of coatrols
% () fuccessive wppiiestion of coatrols
{} () Uses sllercn, no rucuer, on  entry
{} () TUses ruuazr, nc ailsron, on entry
{3 () &lips during eantry
() () alks ruccer
{}) {) linters turn in zild aivs
{; {) ‘lnters turm in asfinite dive snc fails to correct
() () Enters turs in mile <limb
() ()} C&Stells shi. en entry
(} () skids on enixy

BARK
{(} (O Thceurste hngle of bank
{) {) Dunk verisz not more than + or -5°
() () Bank varies not morc than - or - 1w”
() () Bunk veries move tlun 4 or - 107
()} () Contimuous fluctuation of less thon 10° in benk
() () Coatinuous fluctuation of more than 16° in  bank
() () |Holds off berk, makes & climoing turm
() () &lips
() () dunks more than Tond
() () Basks less then 80F

TURN
0 {3 “Constunt wate of Luzn
{) () Varies rate of turn
{} () Tluctuaticn in rots of turn
(3 {) floes aume rucaer wuring furn
{) {3 G&Hides opposite rucder vuring turn
() () Rices radeer guring tura ome wirection
{(} () FRldec ruader during furn in both divsctioms
(} (3 ilks ruccer during turn
() () o skidolsg
() (O Lxlds
() () Tesos to pull turn iloo tighit, mushes

. AL1ITUDE

() () |TNo loss or gein of altituce
{(} {) Continuous fluctuction in wltituce of less then 50 £1, curing turn
(7 {} Chenge: :ltituce sct more ithun 50 fi.
{) () Chunges =l “tude not more than 1lJ. fi.
() {) Churges altitude over 13> fi.
() () ©=light dive auring turm
{(; {) Dive during turn
() {) sStelle chip curdng turn

(Continved on following page)
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POWER TURNI (Coutinued)

RECCVERY -

Slmltanecus ap.licutiion of controls
wvitecessive ap lication of eunitrols
Uses alleron, ne rucuer, ol recoveXy
Uses rusuer, no cileron, on  rocovery
Lecovers .ith nose high

Holds noce level during recovery

PR.CISICH
Recovers from turn "on cowrsel
Re :overs from turn §° r. or 1, of Yon ccurse®
Recovers from turn not more than 10° », or 1. of "un ourse"
Recovers from turn more than 10° r. or 1. of "on course"
R, and 1. turns eyuul in precision
R. and 1. turns not equel in precision

THREOTTLE
Increases power and guins speed oefeore plarting turn
Inerecses power to gain speed ofler starting turn
Fuils to lncrsase power
Reduces power on compietion of turn
¥uils to reduce power on completion of turn

Wil

i sk
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vith tho insirucicr, as far ss possible, ihe whoie pad of .
check sheets 1n order: two sets of the University of Penn-
sylvaniz %Anelysls of Generel Flying Habite" and ®Eveluative
of Flight® sheets {ome sach for tha first twe brackets) and
two Chio State Check Listes {one for the third Standard Fiight
A apd one for the third Standard Flight C-1, each tneluding

& copy of the rating sheet from the C.P.T. logbock.)

This procedurs wes completed whenever pessibie. Tofor-
tunately, however, instruction conditions were sueh that tha
Ingtructor frequently could not ra-chseck the varicus chenk
sheets until severgl hours after the £light, sometines, 1n
fact, not until the end of the fiying day. More ofisn than
not the fleld experimanter end instructor could not do 2
complete check topether, for reesons that avs obvious from
the above 1ist of thingaz to be checked.

3. Some of the subjects had never flown the Aeronca handsm tredner,
8ince thia ship had Juut been releamsd. Prior to the sten-
dard flight session, ell the less experienced subjects who
bed not previcuzly flown the test ship piloted it ilroogh s
famiiiarization flight, for which resords were aleo obtainad.
This flight lasted usually & haif-hour, though lomger in
some insiances. Some of the subjocts who had been trained
on Piper Cubs had flown the dercaca tandem ireinsr during
the training pericd when no Cub plane wes availabls; the
famllisvization £1ight was ordinarily omittcd for these snube
Jects,

Preliming: alyels of the Instrumente and Records.

Ro formel anslypls of the records was imderteken st Tulaus
UJuiversity. %hiie the taking of ths records proceeded, however,
a prelimiuvery informal analysis of the reccrds was carried on and
was facilitated by itne availebiliiy of the advics of evpsnt pilots,
and the deily ezperisnce at the f£1eld.

A. Eveluation of the Justruments snd Rocommendubiong for Fleld Hss.

1., Preiiminary eveluation of the Frisx Cable Control Recorder
congisted in cbservation of its practicebility for recording
control movenmenis, carried on &t the field, end an evaluetiina
of the recorda obteined by this insirument., The results of
thie preliminery snalysis of the Fries instrument are sop-

tained in the Supplomentel Bapori.

2. As the ¥riez instrument had been designed specifically for
recording control movements, its svaluaiion was & atraight-
forwerd process. The R-8 Ride Recorder, however, had not
been designed f{or eirplane uge, and little wes known sbout
its capabilities, beyond the fact thet it offered more pog-
8lbilitles of obteining veeful informmtion than sny other
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- commercial flight recorder available. Evaluation of the Re
§ instrument consizted in & preliminary enalysis of the cspa-
biliilea of each of the recording systems, and an appralssal
of itz utility at the fleld.

The preliminery physical enalysis, while not pursued to
eny great length, provided ths basis for the complete anslysis
later sarried nut at the University of Pennevlvanie. As a
matter of record, it should perhaps be mentioned that this pre-
liminary enelysis resulted in a statement of the equivocal
aature of the pitch-snd-longitudinal-acceleration irace?? and
z ptatement of thae reiaticnehlp between load factor anﬁ
ang*e of benk in laterally balenced horisontel turnas. 10

' Recommendutions for the fleld use of the R-S Ride Recorder,
derived from the experiencs of the Tulane Projeot, ere pre-

sented in the Supplemental Report, "Tha Cspabllitles end De-
ficienciep of the R-% Ride Recordsr and the ¥rlez Gable Controel
Recordsr.®

B. Evaluation of the Records Obtalnsd 0l

The preliminery analysls of the records was concerned
criefly with ¢ (1) discovering cheracterlstic featuras of
slther the Frisz or R-5 records which would sid in diatin-
guishing slementary maneuvers from onme snother and (2) poinkiug
out, ambigultiss in the records resulting from incomplets iden-
tiricetion of maneuvers and performer.

1.

-gutureg orﬁtge R-8 g;.g Eecorder and Friez Cable gggtreL
Recorder records:

#. By meana of certain cheracteristic features of eithe:r
tha B-8 or Frieez records or boie, it was found poesible
to distinguish the fellowing mazneuvers from the othsr
pareuvers contained in the C.P.T. primary course.:

99

105

8ee Supplementel Report, pages 189-190.
See Supplementel Renort , pages 160-161,

This section presupposes that the resder hes read pagesll] of the Intro.
duction, Part I of the mein Beport; which summarize the characterisiice
of the traces of the 2-8 Ride Recorder. It 1s not necessary; however, to
have any further information concerning the Fries Cable Control Recorder
than 1s presented in the preceeding pagee of this Exhibit.

¥or materlal dealing with the identification of maneuvers in the C.P.T.
advenced training sourse, the reedsr iz referred %o McFerland, K.d., and
Holway, R.H., Do Heasurement of Flight Performance in Helation to Pllot-
irg, 1, Introduotion, te ba included in this seried of ropuris.
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(1} ~ Taxiing - The taxl can bs ldentified by zeans of
' aitner the R-8 or Friez record.

{a} Orc the R-S Ride Rucorder record, whon the sir-
plens iz treversing rough ground, the jolis
trangnittsd througn the whasle to the verlous
recording pBystems produce rapld scale-lesaghh
excursions of esch wing-low trace and of the
ilcad fector trecsdP3 The fruguency of iheone
scala-length ozcillations 1s vary hich; the
vecillations are packsd sc tightly togebhex
that thelr frejyuency cennot be counted al
tha paper epeed &t zhick theee veccrds were
made (1% inches per minute}, Bueh traces
#re chorecteriatic of tsxiing over rough
ground end oecur inm ne othsr gituaticn sy~
cept The landing nm.

%hen the alrplsne is tarliing slovg e
smooth runway . theze characteristic osell-
iutlone sre very much reduced in extent, o
ebsent. In such cases, iV cer be kmown, hov-
gver, that tie airglene is on ths ground bew
couae the landing and teks-off run can be
ldantified or the R-8 racerd (Sza below),
The taxl cen then be identified by a procass

4 of aliznination;

{1} The %tazi cuwn by discriclceted from the
takewnff un by 1ts lack of the traes ef
plichwend-lomgl budinal-sgoeisretion chays
actarisids of the take-off run. {3se Le-
iow.)

€

{17} Even io texiimy along smcoth runways, the
wirgs are low rether freguently and lyrsga-
larly, thas producing frequsrt irrsguley
traces on the wiag-low line:, These traces
meke it pogelble to distingeish the terd

from pericdz of rasv, dsoplie the lack of

tha ropld freguency, scals-length wibre-
tlons cheracteristic of texliing on the ground.

- et e

It is to be noded that tha remerka io this sectlom ounosrning the
appesrance of the lond fustor twacs an the B8 Ride Recordar rosords of
various mansuvers azply culy fo en pocslsromesier, or iesd faetar indi-
cabor, of a pacticuler celidretlon (Ses Initreductlon Peri I of the malm
report, page 3 j. (2) It is elso to be noted thet iths apwwsrense of gll
traces on the R-8 Ride Becordsr recorde of these manouvars will vary
sonowhav with the eirplene in shich ths menouvers are erccuted and tas
plece of instelletion of the Instrumsvt in the aliplane {i.0., bagrege
coopartuent, froal or rawr floor, ete.) S.ch warlatlons, however, will
L ¢F fogres and a0 of Und,
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On the rrizz Ceble Qonirol tsecrder record,
the slevator trace showa alight irregular
ogcilietlons superposed on the treces of the
portrol movensuts when the sirplans ie moving
acrose rougk groundj frequontly these oscil-
lations cccur so repidly thet the width of

the ink tv-ce £ the alevetor pon i3 multiplied
two, three, or four times:  gygptraces oceur in

ne‘other gituaiion.,

4 in the cese of tba R-8 record; landings
ond taks-0ffg nay be identifled by charsctsristie
tracos (ose below) and taziing along e smooth run-
wey nern then be ldentified by & process of elimina-
tions

{I) The taxi csn be dizcrimiaeted from the take-
off run by ite lack of the elevator adjust-
mants charscterisiic of the take-off run. {3See
below, )

(Y1} By the pressnce of zdlusimente of eny or all
of the soatrels, the texi con be discrimineted
 fros periade of rest, duriag which no control
adjueiments ordinearily osccur.

i1t should alao be poted that extensive
and somewhind irregular rudder adjustrents
ers churscteristic of motion of the airplans
on the groumd or runway apd sra wsually guite
distlact from rudder adjuestrents in ths air.
Qccasionally, however, Sfairly wide movementa
of the rudder ogcur shortly after teke-off or
before lending Moreover, it is not poseible
to distinguish tstween tariing snd the take-
off run by means of ths rvdder record slone,
glnce wlde end rapid rudder adjiustments mer
geonr durding <ither.

(2)‘ Landing

Bgeuuse of the prepsoce of the oseillsticvns cherac-
teristic sf woviag seross the grommd, elther the
B-3 or Pries record furuiahaa an unegueivocal means
of identifying landings.l

{a) 0o the R-S recerd, mersovor, bounce luadings
‘ean by dlestinguishad by means of scale-langth
rapid-frequancy vibrstiona of the loed feotor
irace occuring when the whesls come in eom-
tact zlth the ground, axd disappssring when
the plene momentarily leavez the growmd.

104 g js true even of landlag ou ruéuaya, cesansa the aizk seesl of s
lending run ceuges more violend jolt& them the slow spsod of the teri on

the runway.
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Un the Friez Cable Control Recorder record

idemtifioztion of lendings 1s further aided
by & declglvs record of the incrsseing back
rovenent of the stick prior to landing.

(3) Take-offlO>

(a)

(b)

The take-off run ias characterized on the R-
5 Ride Recorder record by & trace of pitoh-
and longitudinal-scceleration very much
resembling s normal distribution surve. The
first section of this traze {(from origin teo
8pex) 1s ussumed to correspond %o that por- -
tion of the take-off Tun during which the
airpiene iz increasingly accelerating prior
o leaving the runway.

The end of the irare {et or nesr ths 0
line) ie assumed to indicate that the airplame
iz in epproximstely level sttitude at approxi-
mately consiant speed om the mmway. Actuel
daparture from the yunway {as deterained by
meane of pignals for a number of records)
takes place at this point or one or two ssconds
luater.

if the take-off is mads from the ground
rather than a runway, the point of departure
from the ground ie clearly indicated by ces-
gavion of the violent ocacillations of the
load factor and wing-low traces which cacur
when the wheels are still in contsct with
ths ground.

Un ths Fries record, the forwerd movement

of the stick in the teke-off run is clear ng
is the following bzck movement at the moment
of the tske-off.

(4) 8ide-silip to iending

()

The side-glip to landing is characteriszed
on the R-8 record by a feirly prolonged
posltive trace on one of tho wing-low lines
shortly before the record of lending. The
erieat of this trace is veerly slways scals-

105 Since the R-8 Ride Recorder resord Purnishes an unequivocal means of iden.
tifying the landing and take-off, it also supplies en unequivecel means
of determining ths time tie airplane spends in the alr and on the ground,
This feature of the R-S5 record was utliized to provide a survey of the
relation of the tims spent in the eir %o the time spent on the ground
during the flight instruction of the temn Delgadc students and ths two
Research Assistenis at the New Orlesns Airport. A progress report aube
nitted by H. M. Johnson, February 24, 1941, pressats the results of

this survey.
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length or only alightly less. Except in the
cape of power turne, which may themsalvaz be
distinguished on the record (See below),
wmintentional slips are rarely mo prolonged
and extangsive; hence; the deliberate side-
alip to landing carnot be confused with un~
intentional slips.

4 gide-slip to lending cemnot be discrimine
ated with certainty on the Friez Ceble Control
Racorder record.

{5) Glides ard gliding furns to landing

Glides and gliding turns to landing can be

distinguished from other maneuvers bul nct fiom

each other.

- (a)

(b)

The lced factor trece of the R-§ instrument
frequantly showa the begimning of a glide by

the ceszsatlion or marked reducticn of the sine
curve of engine end propeilsr vibraticns, oc-
curing when the throttle ls closed. In addi-
tion, & domward trace of pltch=endelongitudinal-
ecceleration is present, 2lthough in many 2u-
stances 1% 18 not marked and wow&g not by itaelf
gerve to idantify the mansuver A°° The end of a
glide to landing, of courze, is reedily iden-
tifiable by the charecteristic vibratory traces
of the recording systems when the airplens comes
into contact with the ground. If & glide were
terminsted in the sir, however, the point of
ita terminstica covld not be read with certainty
from tha R~8 zracord, Glides and gliding turmp
cannot bs distinguished from sach other, for
reasons which are pressnted im the dipcuseion
below {pagelit)on maneuvers which cannot be
identifled.

Theege mensuvers camnot be identified by mesns
of the Friez Ceble Conitrol Recorder record.

(6) Power turna

(2) Power turns mey be distinguished on the R-

106

Probably occasions on which the pllot interrvpted the glide by cracking the
throttle can slso be identifiedby & resulting upward trace of pitch-snd-
longitudinal-sccelsration.
casions noted by the field experimenters which have been subjected to casual
examination. It is not known whether there is azn invariable and umegui-
veoal correzpondsice between this event ard such a tracs; howsver.

This effect appesers cm records of all such oc-

o kel
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5 Ride Recorder record by the cberacterlsiic
load factor {race exkiblted by the records
reproduced in Plates IVa -~ J¥j. Although
the trace of each of these records differ
widely, each would be resdily ldentifieble
ap the trace of o steep tura {with one qual-
1fication discussed in the succeeding psra-
graph)., The cheracteristice of the load
fector trsce of a steep turn are:

{I} 4 substantlal positive trace of load
factor (that is, a trsce higher than
the gecond printed lLine of the chart)
and

1I) 1In the case of the 7209 power turn,
peraiztence of this positive record of
losd factor for 2 period of approximately
30 szoonds or longer.

The gualificetion mentioned sbove ia thaw
the loed Lector trazee of the epirsl is almost
identicel with that of the power turm., %The
spiral will ordiparily be made only teo & langd-
ing, howevar, and frequently shows & drop in
the plteh-snd-longitudiral-accelsretion trece.

On the Frlez Cuble Control Recorder record, the
power turn ie frequently characterized by falrly
exhensive aileron adjustmente and the prolonged
sppiication of back stick. ¥Thess adjustments
vary conslderably with the individual pilet,
however, and ere sometlmes not so marked that

it 1a poszible to Adentify the msneuver un-
gquivocally by means of the Friez record alons.

{(7) B3tell

{e)

{®)

{8) gpin

On the B-8 Ride Recorder rescord, the stall
appearz &8 &n up-snd-down trace cn the pitch-
and-jcngltudinal--acceleration line; and &
short, sharp, and substantial Iincrease in
iced foctor e&s the pilot pulls up ocut of

the recovery dive,

On toe Frles Csble Control Recorder record,
the atall appeara es full back stick, ac-
compenied by very wide corrective movemsnis
of the rudder as stflling speed 18 approached.
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{e) On %he R-3 Ride Recorder record, the spin
1s identified by a cheracteristic iosd factor
truces the trace rises very rapldly from
1ts base-=line to the top extreme of ithe load
fector scele, remeing at the top extreme for
a few seconds, returns rapidly to the base-
line, then back to the tcp exireme as the
pilot pulls op out of the reccvsry dive, and
finally to the bese-line again as recovery
is ccmpleted. This charectevistic loed fro-
tor trace is umually, though not inverisbly,
agcompanied by a shory sharp trace wm one of
tha wing-lcw lines, or on both in successlon.
In eddition, a pitch-and-longitudinal trecs
aomewhot resembling the trace cbtained in s
stell (See sbove) is present, though its form
4s usnally less reguler then tha trace of tae
stall.

(b} On the Friez Cable Control Recorder record;
the spin may be identified by prolonged ap-
plicetion of full or nearly full rudder and
inergasing hack stick, which is held during
the process of the spin.

More important perhaps than ths waneuvers which cen

bte identified Irom the records of the R-8 Rids Ranorder
and Friey Cabls fJontrel Recorder are thoss which ghow
ne characteristic identifying features. With the
exception of glides and gliding turns Yo landing, (see
pagelad shove}), the following mansuveras caspot be un-~
aquivacally discriminated from each other {without

appropriate signals) by means of either the RS or
Frisz record:

il) elimbe,

(2) turne 1n climbs,

{3} glides,

{4} turns in glides,

{5) ehellow turns in the earth horizontsl, end
{6) straight cnd level £iight.

In the cuse of the R-8 Ride Recorder record, noma
of these manouvars requires a positive trace of losd
factor, since =ll may be executsd without incurring
sufficient load fector to overcome the initisl bias
of ths ascelevometer (1.05g). No dependable charactsr..

ietic record is shown for any by the e
quivoesl pitch-
&nd-longitudinal-scceleration trace. Traces ma£ appea&r

on elther of the lateral imbalance lines Por

: one
of tie maneuvers, but these would indicate ma;:i§ that
the maneuver was not exscuted in perfect lateral balancs,



The Peiez Cable Coaltrol Recorder recumrd alse
presents no characterlstle features waich would
diatinguish these meneuvers from une enotnsr, in-
asmuch a8 the continl movements reguired for the
entry, recovery, snd exscution of each are su slight
ia extent that they carnot be distinguished from
tha rumerous minor corrective movements widch alse
accompany the execiilion of the meneuver. In the
caze of a zhsllow turn, for exanmnis; ths initial
deficction of the rudder and alleron mey be cconfussd
with the corrective movenents freguertly necaagary

"to meintain lzltersl balence immedintely hefors or
during the sntry. Thus, from a2 record of contrel
movenaents o Yalr work® <consistine of cnly the
mansuvors listed above, 1t would be impossible

vo disticguishk the mansuvers from one another, or,
giver. Imowledge of the meneuvers, to point ouk
thie baginning and end of any one.

This pralimivary Investigetion ¢leeriy indl-
cates the nzad for a means of identifylng maneuvers
other bthan their sppeerence on the R-8 Ride Recorder
aad Frier Jable Conirol Recordsr cherts. Such a
methed of identification might be provided bys

{1} & satisfactory gystem of signalling,
{2) The smployment of stenderd flights, cr
P {3) The uss of 2 graphic recordsr providing records

of additicorl flight functions -- such as alti-
tude, alrspeed, and rate of turn - which might
show cheracteristic traces or; in combingtion
with other functicns, characteristic patisrns
ui' treces for ihe non-identifiable meneuversa.

Bacause, e5 indicated in the succesedlng section,
it Smposes heuvy demends on %he instructeor or pilst,
zethed {1} is probebly the lsast practical of these
three methods. A% the time this study wazs conducted,
method {3) was impossible, since extent graphic fiight
rocorders recorded only a few flignt functions.td”

The smplovment of stendard flights, method {2}, is
practicallOBaud, morsuvver, offers the sdvantages of
standardized fiight situations.l(?

Aor Aopendex 4 %o the Supplemmatal Report presevts recommsndetions for an
improved graphic recordsr incorporsting systems for recording flight
functlons not recordsd by the R-5 Ride Recorder and Friaz Cabls Control

) Racorder.

Y Bee page 14U of thig kxhibil .

1{!_.

See puged of the Introduction, Part I of the mein report.
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An ties he ob esd_regords resulting from incomplele
sdentification of maneuvers und psriormer

The importance of a practic-1l means of ldentifylng the
executed msneuvers wus undsrlined by the results of &
preliminery enalysis of deficiescles in the obteined
racords.

(1)

(2)

It was hoped thut, by the imclusion of an approp-
riste mewnz of signa;ling, such ambiguitice as out-
lined in the previous saction would be anticipated.
Yor obtaining the records of inetruction flights,
an appropriste signal code was dovised which, if
it had been faitufully exscuted, would have elimin-
ated many of the ambiguities discovered to be pre-
pent in the records. Kszng Were provided in the
pignal code for determining which of the twe ccou-
pants of the airplane {student or instructor} was
handiing the controls at the time of the maneuver,
and which maneuver was beingz exocuted. OCare had
been takern in devising this code toc meke it simple
and reudlly msmorizeble by both instructor gad
atudsents, and; ir addition, the etudents end in-
structor were provided with & copy of the cods to
Ye carrisd ir tha 2irplane.

A copy of this code and a full discussion of
the difficultles anccumtered in the signalling pro-
cedura may bs found in the Supplementsal Report,
pagea 195-19, It need be atated hers only thet des-
pite comsclentlious and excellent cooperation by
the insgtructor, and by most of the students, the
eignalling procedurs falisd of Ate purposes. The
fallure 1s atiributed tod

(a} %he slow psper spesd at which the recorda were
taken (1~ Inchea per minute), which rendered
the procesa of signelling rather longar then
dasirsble, and

{b) the fect that attention of both pilot and in-
' structor was {end should heve been) primarily
directed to other effairs than signelling.

Owing to the fallure of this aignalling procedurs,
nany records of studenta’ insiruction flights are
subject to the following ambigultisss

(a) In duel flight, 1t may no% b8 imown whether
the student or tha instructor =es ai ths con-—
trols during e glven nensuver. This apm
guity is net present, of course, in the caﬂ@
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of solo flighta,

(b) In both dusl and scle flight, many of the man=

suvers ocaanot be identified hecauss of the laok

of an appreopriate identifloation signal,

{¢) In both dusl and solo filghts, the bsginuing and

ond of mzny marncuvera cannol be dlaoriminated

with aeertainty because of the laok of an appro-

prialke signal.

Many of the records which were faithfully elgnalled Jack

these axmblguities. Even in ths caego of thess records, how-
ever; (as well ms in the sass of resords inadequately sig=-

nalled) there ars ambignitics arising from ~nother defi-
elency --=namely, ignoranos of the direction of turns.

(1) In order for woast meaningful use to be made of the
letaral imbalence traces of the R-~5 Ride Recorder.
it 1% necessary to know the directionm of the turm,
80 that it may be determined which of these i(raves
revresents sllpping and which reprosents skidding.

(2) It has been sought to derive the direction of turne
by the ineclusion in thse &=3 Ride Hecorder of an ap=
paratun for indicating doflection of the rudder and
aileron, but this apparatus proved unsetisfactory.
(3me pego 123, thia Exnibit.

(3) It was then heped that the Frisz Jable Jonirol Re-
sorder rscord would provids thls information. Un=
fortunataly, however, ae indlcated above, the Friez

records do not ghow the Jdirsciion of any of ths ele=

mentery mansuvers, with two exceptions:

{a}) The spin, in which rsccrds of the latersl
imbalance tracea supply little if any usgeful
informetion, and

(b) The stesp turn, in which the direstlon is frs=-
guently, but not invardably identifiable,
(vhether the diraection is identifiablo depends
upon tha extent of the rudder and alleron de-
fleetlions, and thus upon the individual pllot.

If the pllot really executes the turn at = steep

banks the direction is usually ldentifiable,
but many of the pllote in tkls astudy setually
exscuted medium benks vhen a steep bink was
specilfied,)
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{n turns of nedium snd gshallew banke, &3 noted
sbove, the extent of rudder end alleron daflactions
in the entry and resovery 13 Little greater than
the extent of the sorrective wmovements whioh are
mads throughout the turi and which mey be either
right or left of neutral ln the cage of each con-=
trol, regardlese of the directiocn of the turn. Hore-
over, the neutral position of each trece could not
pe accurately determined. {sea page2(2, Supplenental

orta) The extent of the correctlve movemeants
and the ambiguity of the nsutrel positions made
socurats judgment of the direction of shellow and
wedium turne imposaible. :

{4) Pirections of sowe of ths turms on Same £1ights wers
obtained by conference with the ipetructor or pilot
after the fligbt. This procedurs wea not possitls
in many instencea, however, snd moreover could not
be congidared to be highly dependsble.

{5) 'the direction of turus zade in circults of the alr-

port, is, of cuurpe, koomn becauss of the traffic
rulés.

{6) The rsmainder of the turns 1o the Pprogress® records
of student's instruction Ilights, however, are mnstly
enbiguous as to dirsctlonm.

pbsence of thess ambiguitles in the stsndsrd £flight records.

Thiz investigation of the deficlencies of the rocords of
atudent instruction flights resulted in the decision to focus
stienticn on records of the siendard flights. ZIn addition %o
veing teken under stendirdised wind snd air conditions, and
providing standerdized f1ight situations, the stardard flight

records lack the emblguities which the ¥nrogress! records contaln.

a. It 1s alweys known who the performer of the mznsuver ®es,

since the subject flew the airplene through the entire
flight session. If, for any reason, this procedure had
bheen varled, this fact could have besn ascertuined reedily
and gquickly upon completlon of the £1light by a conferencs
with ths sdministering instructor.

¥, 1t:is known unequivocelly which maneuver was perforaned,
gince the waneuvers of the standard flighte occur in &
preacribed order, end since the ovision that the man-
euvers follow each other in imn ta succession wakes
possible an eady signalling code which makes few demznds
on the sdministering instructor. (Bee -lemental Repcrt
pege 197 .)



c. The begirning and end of esch waneuver are
aleerly indicated by signels.

d. The direction of turn is kmown by prescrip-
tion. If, for emy reason the direction of
turns had been veried, this fact could also
hawe beer quickly and rsedily ascertained
by confarence with the instructor or pilot,



AN ANALYSIS OF GRAPHIC RIACORDS OF PILOP FERFORMANCE
OETAINED BY MEAN3 OF THE R=S RIDE REGORDER

SECTION B

SUPPLEMENTAL REPORT

TiE CAPABILITISS AND DEFICIENSIRS
OF THE
R-§ RIDE RECORDER
AMD THE

FRIEZ CABLE GOWTROL RECORDER

by

Ogsar Baeksirem, Jr.

University of Penmeylvanie
Philadelphia, Pennsylvania
’ Novambar, 1942



~155-

PREFAGE

Thle Supplementrl Revort was prepevsd as o unlh dealing sutirely with the
insirunentation of the graphic records projest cmerizd om e Tulans Uni,or-
ulty and the Unlversiiy of Femneylvnnisa. ¥a pagen 2~13 of ine Ltrasueliag
%0 the madn rapori, howaver, ths resulss of Lhe insomiigation of the Resd
Ride Recerder heve bian swamarized, ond ths chart snd shard Lrades have
kesn descrided, for the oomvendenos ol ruaders whese lnteresd in insdrumsar~
tation ils 2aly fncidenisl.

In arder fo svold dupllostion of ihlp sunmary and decss ipsicn, readars afe
- k

advised 1o refor Lo the abovz-meriisned pagss of the Intreduncien bslare

reading this Supplementul Bevorl,

ACHSENGHTNTS

The author ie espesinily ludebisd 4o D, F, W, Cebd, supsrviact of the gise
phic records projsot carrlad on at Taimne Uaivercity, wha initisted the sp-
slyaee ruported horein, gave frecly of tiz wdvices and comaulizilon shils
they wars in progrees, end reviswed the prelizmdnary druft of this Fupple-

mental Report

Spaclal eczncwladgnens is alee due 4o Frofssser David I. Woouter, Ghief
Payaleist, Balllistio Asasarak lasboratory, Aberdsen Preving Guiuna, she mons
oioudly roviswsd the prolimlaary dralt and meds neny lDelpful contributiozs
and commenta,

Me, o A, MsGonmuelld, formsrly phyaiolst at the Alrora?d Mabsrlaly haboras
tory, Fhiladelphle Nevy Yard, and ucw o4 the Uasaachugsdts Tastitube of
Teshuciogy, alao reviewsd neeblema of vhe :axh in pralivlenyy drafh, and
wede pany specille evggevticws, The method for appralsing tas extsat of
svror induesd in recorded values of weriieal accrisrution owlng 14 ths ran
cording of simultenzous angulay seeelorcilena (peges iT5-117 dand tha pe-
tlonale of the prefarssce of "proper™ back te vatual tank, me aa lndiestor
of pllot skill {peges 16{-itu are contributionn of ¥r. Meldennrly,

Weo W. 8. Radhod of the Imvueh Hegioter ceapiny, mauifeatunre ol the H-8
flds Rsesrder, rapplied a pruel fruy whioh Diagrom 2 avé thys rolevant diss
cvealon {pageli?)vere adspted end developed,

#ille the aubbor mokuowledges woudsfuily tusge combrilutlc iz, by sszumas
full responeiblility for any orsevs eontaieed horein,
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SUPPLEMENTAL REPORT

THE GAPABILITIES AND DURFICIRENGIES (F THE R=3g BIDE RLCERLEE

AND THE TRIEZ CARLE CONTROL RECOPDER

hie Susplsmental Hepect prosents ohe rezalde of au sztendsd inquiry 1abeo
sho ompetilitles of the tws graphie rsecrders smployad du thie ctudy,; in=
sluding

{a) the pature snd pessille useg of thy data Jarlvable f{row the recordsg f
() errors in recordingg

{s) ecautions to be ezeroised in The uss of theeo instramentsy and

{d) rasommendatlions for field use of the ifnstrumsstn snd lsboratory avely-
#le of the records,

3

DIVISICH A&

o

TU¥ #aS RIDE RICOELER ?

Follewing is a detnlled dlacussicn, including mathemaiieal and physical
procfe, ofi

{a) the data dsriwedls Crom sach trave {2xeepd ihe signal marker troes)lll
ef the R-3 Hide Reaserdar;

(b} errors in the datae due $o feuliy ruserdings

() deflciencies theoretically imtwrent in tae recordlzg ayetsamsy

{1} errora resulting from possible Tauisy instelladicue of 4he instrument
in the alrplane; snd

{e) difftculilas encounterved in trostiu: the Jata.

1o THE I0AD PACTOR TRACR

A, As indicated in the Imtreduetlos,; poge £, ths ohi~f upe wads of the
load faetor tramoss in thie goudy hwea Loexn ﬁﬂ dsrive Jnfermation con=
sorning the bank of the alrplare ir wwrog wade dn the earih horizons
tal. Altheugh a poaitivs lead fnatar will be preduesd by a gurved
flight path in eny plane sz wall ee the zarhh horizsntnl, the load
footor trace has Lititis sthey uge in the evaiustlen of parformanss om
glomentary mésicuvara,

1. In the abeence of & meeng of sbyalaing whs v2ive o2& the clish or
glids angle, the Srace canret b2 usod %o derdve informeiion about

Hhs tewk 2u slirding and oliding huras and apiraly, {3os [ootnols (22
pege 167 of this Jupplereeiel Aeourd. )
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10 540 "3ignaelling presednre”, pageslyi=193 of {hie Sngplewentul Papori.
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2. m. A ctarxetariedio praitivys loal facior tyase accompanlss epine
and the pulleuyp recovsries Iroum divas (as in the final portion
of a atall apd xaaovery), &nd may be used in idesatification of
these mansuverst- i (Sae sege 145, Ezhibit 1.} In avalueting
performance of fhesa maneuwsars, nowever, the valus of the iosd
factor atteinsd in their exsccution hae limited iwmportance.
These maneuvsre are not pregoribed 1ln tevma of load facter or
in tormas which nave a mimpls and constant relation te lead
fector (a3 does the bank in horizontal turna}, Hence, it ia
not known what the valus of the loed fector should belld {Gf,
Clacugelon of eoriterion dals, peages 1-2 of the Introductisn
to ths main repor:.)

b. OConsldsrations of airplars structure snd deelen, of courze,
ast an upper llmit to the load factor which may be lnourrsd
in thess and other maneuvers wlthout danger of structural strain
or failure, idkewipe, varying with the individual pllet, there
is en upper limlt to the values of load fastor whioh may be ine
currod withoul causing lose of conmoivusness or "vlacking oug".

In the evaluaiion of thepe msneuvers, therefore, a trace of
loard factor of nultable rangs and c¢elibretion might be emnloysd
%o indlcate whother the pliobt sxscuies them in such a manner
that the incurred load factor is within s ressorabls mergia of
vafety, or vorzes on the dmngercus,

¢. The range of the porticular azcclercmetsr, or load faeter ia-
dicalor, employed in this study would render euch use of ihe trace
impogeible, howaver, bevausec of ths cemparasively low top limitg
of load ‘achor recorded (Z.05g).M3

111 ' :
& trece of lomd fasltor is also uzeful 1n the identification of merebetic

mansuvera in the C.F.T. advyunnsd traininz souras. See NoFariand; R. A,

and Holway, 4. H., The Neagurement of Flizkt Perlormance in Relation to

Piloting, I, Introduction, to¢ be included ip this series of reports,
12 The possibility should be nshsd, acwsver, dhat even though these mansu-
vara are nct prescrided in terma of load fastor, the performance wlth
rospect to load factor might be gorrelmbted highly with those aspoaia of
purformance in which the wmancuvers are preseribed, If, upos investige-~
ticn, this were found to be go, lomd faotor might be used aa an item for
evaluating the magsuvers, for 1t would than be known what the load fzetor

ghould be.’

113 The range of the asceleromater iam, of scurse, 2 mathar of cheies (within
the limitations of the avallable chari agaoce) and may be varlsd by ap~
propriate varlatlon of the restraining spring of the unlt. The range em-
ployed in this study, cubsuming “proper" banke frem 18% 4o 619, ig ons of
the most suitzble {within the limltetions of the available chart spacs
of the Ride Reoorder) for obialming the mezinmum informatior aboud elemen-
tary maneuvers. )

e

) .swafigﬁ
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In light airplanes, such as cless i-3 and 2~3 airplaner. a loamd
faotor of betwosn 3 and 4 g mey ordingrily bs incurred without
danger of sgiruvetural stress, unlesas the airplane hes hidden
structwral defscts or ia loaded beyond maximum grogs weight .
These limits ere usually higher for nilitary or asrchatie mir-=
orafy 114

3. 4lthough the acoslerstions consglionnd Wy enccuntering gusis or
"bumpa® affect ths load fastor trace; 4% is of dubicus value in
eppraising the smoothness of the air.

8« Ordinerily the rastraining spring of the aceeleromessr of the
Rids Recorder will have an iniiial tension groater than 1g. For
e. busp to producs & positive trace of loed factor; it mwgh im=
prose a load faotor grester (hszn this initial tension, if the
airplane is in level flight. For the celidration cf the agoele
erometer employsd in this study,; £f the sirplans were in levsl
filght, the load faotor imposes in a bump would have to be
groater than 1.05g (the load faoior cscurring in = horizontal
turn of approximately 189) 4n order tc produse a positive trace.
in surved flight, the lowl fastor imposed in the bump will be
added 4o the loud factor osscamionad Uy the ourved flight path,
and depanding on thae valves of both, may or may not be recordsd,ll’
snd depending on the temporal relations of the changas 1nm both,
may or way mot produce & sisechle chungs in the treqe.

b. The above aonsiderations do not completsly preveut the use of
the load faotor trese sz an indicater of bwepy air, for in the
onaé of eithar curved or level fiight in very bumpy sir. the
fluctuatione La the trace are acvertheiess quite marked. The
ahief objection 1s the faet that such fluatuations, in the cage
9% thle Instrumeni, are ohevastaristic not only of bunpy air,
but sley of a dexping curve vhich oceeplionaily appears in the
treos, 7Thig dewping owrve, dructed thy "haywire® effect, i
illugtrated in Plates In vnd Ib evd in dloougsed in detail in

pages 172-175 of thie Supplemonts) Revork.

78 _9f the iond fmotor trace to suppiy information sbout benk in hori-
gonmtal turng

1o In the ensulng ddzeussion it will be neosasary to distinguigh earen~
fully awong the terms prescribad Yank, “proper® bdenk, and actusl bank.

e. The presoribed bank is thal bank whioch the subjsal is Lastructed
to attair and meliatain during the partiocvler mansuver.

1184150 g Faotor Information for Piloie,.” G.é.4. Alroraft Alrworthlinsss Sec~
tion, Rsport No. 10, Sept., 1939, This report 1 reproducsd in Civil
Asronautios Bulleiin Me. 23, “Civil Pilet Training Menual, “Sept,, 1943,
pagse 311-320,

115,
? Gt WAy cavst nepalive 9a well o powitlvs leosd faotors.
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b. The "proper’ beak ia:

{13} 4hat barnk at whivh ths airplans, having a given forwerd
veloeltly; would te 1n perfeci latsral balance for the
serblsuisr rats of turn the pilot hse assumad, or, stated
ir otlisy teris:

(?) +thet banmk at whicn the resulitant of gravitational end
gentripetal zoeslarations would be vartical to the wing
apan for the particular rata of turn {at the given forward
veloclty), or;

(3} the appropriats bank for the rate of turn 2t whe given
forward walocltiy,

. The gcfual bank ig the actual angle of inclination of the wing
span to the horlzon,

In a laterully brimnaced turn, the sctuel bank is aqual to the “pro-
per" bank. In a ture with alip (overbark}, she actusl bank in
oqual to the "proper”™ benk plus the angle ef alip., In & turn with
skid {undorbamk}, the retual bsnk is aqual to the "proper? bark
minus the anzle of gkid.

In sny given herizortal turn with angla{j-of "aroper™ bunk, the
load fmstor is glven by the raletion

load factor = g sea Cﬂ,
subject to an errer {discuseed in pages J61-1Hcf this Jupplemental

Report) in certain situstione 7hich way usually be regavded as nege
11 gib 10 [

=

Hoard.zon

In any given turn in the eerth horisontal the alrplane will be

Diegram 1

leterelly balancod whan the resultant (Bn) o? gravitatiocnal
acceleration (C0) and cestripetal acceleration (BEC} ie psrpsn-~

dicular to she wing—spmn of {hs alrplans,



=1fir=

4, lateralily balanzed fturn

In the laterally belanced horizental turn, sa illustrated in
Biagran 1,

Ty

! 1
icad feobur o BD - 1 ase ﬁﬁal“s

4 mw¥m e

Thare 12 ue errsr in bhis relatien iu tbe latsrally talanesd
kerizonval turn.

be Turn with 9lip

{1} In 2 turn with 8lip, nonaver, she reculient of gravltatione
al acsceleratinon and centripstal auceleration is nit per-
rendioular to the viagz-apuan; henes *us value of tho resecr—
gad loed faoter Lu gomevhat 2oga “hoen ihe sseant of the
"rropsr” bauk sagls,thr A glip rsauiis waen the “eontrifus
gel tendoncles® are wst wreet suoccgh to keep 4he airplan:z
in perfeet balemee for the particulor angle of {(metuel)
Pank zhich the pilot hmu mosumed; i.e., whon thore ig tom
185tls "eeatirifuge i foras”, and the resultest of gravity
and esatripotel aceslerstion is not perpendieular to he
wing=cvpan of the plane.

TSN Vs T e wDr LSRVE L AR A 1K i T i P ST A d e S P YA "Il S L - o O

116 The recorisd load faster is read Trom 4he chart in graviteilomal unlie .
Silooe g in gravitatlonal unils = 1,
' - A,
lond fastcr = goe W5 .
117

Ths sams ig trus of 3 bturn with skid. 4 skid resulte ®hen the "gentri+
fugal tendencies” aie too granh for perfact tulance of the aivplous for
the particulayr epzle of {metual) boak which the ollot has cswumed; Lowey
when thors is bog wuch "sentrifugal fores", cnd the resultant of graviiy
ard ceatripatal acesleratiion i not purpeadicular to they wingeppsn of
the plans., The ralatlenn involving the enzle & hold shother 4 is &hs
Blip or skid sngle. The dlagrams threughout this Supplsuweanial Rsvgrd
shew sha pllp sitegtion oaly, fur the sake of convemienss.
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Tae dotted line at angls() with respect to ths hordsen

ropregemin the hypotheticel posliion of the wings at
walsh the sirplars would be perfmotly balanosd for the
particuler rats of turn (et the given forward velosity),
1.8, at the angles of “propsr” bank. Ths solid lins at
aagls HMD) with raspect to the horison reprezents the
motual poeitisn of ths wings; (3 being the angls of alipe_i

{z) Peferring te izgran 2, tae reswlient {30} of mravitation-
21 feeolorutlon {ggi and eeatripstal acecleration BC) ia
(by gefinition} vertical 4o the hypothotical positiom of
whe wingenpep &% which the airplare would bs perfeotly

balanzed for the pariicular raie of furn,
BD =2 yno A

2ot vocorded loald factor = 0, and

BO = Ay seo (3

If 3% 43 desired to determine (L from the resorded leazd
faotor in thig situation, then, & vt ve kaoan, or it
nust be shown that o omit uultiplication by the quantity
goc & will induce nepligible error iv the determined wel-~
ue of h
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{3) The precise valus of &, the slip (or ekid) angle. unfor-
tunately cannot be derived, for it is not given by the
stetlc esalibretion of the leteral imbalance traacss of the
instrumeont, and dynamic calibration of the later 1 pen-
dolums %o show slip or skid ancle is lmpossible.l'8The
actual bank thersfore cannot be dotermined from the data
deriveble {rom theue rocords.

(4} It cen be demonstruted, however, that if it is deszired
to derive Ot , {he angle of "proper” bank, from AQ, equate
ing AC wilih BO wlli ordiuerily result in neslizibis srror
in the derived value ofCh , Capas in which suck squaticn :
would rezult in substuniiel erver can also be defined, -
The followlng tables (pmges 164-~1065) 1llusirzie these
facts. Teble JTa shows the range of possible srrors in
taking the approxlmated value of CA equal %o the true vale
ue when the recordsd load factor is the lowes: valueo . :
(1.07g) which ceould be detsrmdnad from thess rescrds by N
projoctlon at a magaification of 5. Tuble Ib shows the
range of poassible srrops whea ihs recorded lomd fector
ig the highest value (2.05g) which could be detercined
from theae records by projection. The appreximated Ci
values are those vnluag obtelned from the approximate re-
latlonship

PRIV

40 {recorded lozd factor) = g seo(h,

l.e.; by equating AQ and BQ. The error values ars sll
negatlve; since BO i slways larzer thaan AQ and raprsgonia
a gesant valuwe gorpemponding to & larger anzls, All sngle
values are roundsd to the nearsat depgres, glics even ths
projection method of wueking readiings doss ret warsani fin-
oer sxpresslon, For the sume raason, the valus of ces & 1n
taken only to thres decimal places.

Exemination of Tadblse Is  end Ib will revesl thet for most
purpcees, the error lnvelvea in sguating %he recorded load
factor it the true lomd faotor will reevli in reglizible
error in ths valus of ¢3, . whalover the angle of alip or
akid. This generalizaticn dosn not held for large values
of (7 and low woluss of load focter. In rasords of shailow
turas with muczh slipping or skidding, a subastantisl error
mizht be Intreiussd in deriving the vailues of the *oroper”
bank from the recorded lead fastor, In reciirds of wedium
or msieep turns, the2 error is usually neglizible sven for
readinge of N at a single point in time, If indizes are
to be preparcd by statiaticnl treatuwsnt of the readings
invelving the taklnz of averazes, it iz qulie esafs o ro-
gard the ervor as nesligible.

- L

118 Sse pnro 180, this Supplemontzl Rovert.
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Showing possible anguler srror in sppreximated veluss of d y the angle

of "proper® bamk, (1.e., those velues determined by taking the recorded
ioad factor (40) equal to the resultent {BQ) of gruvitationzl ecceleration
and centripetsl acceleration) at various vulues of &
gkid angle, when the recorded load fuctor is the lowest velue derivsble
from the chart (1.07g) by projection at a magnificetion of 5.

s the true slip ar

- g’f".—m
oy

A Approxi- Error in ©
) in °isec {recorded load ﬁﬂed BO (= 40 sec(@} True A | incurred by
factor}in [\ in o in g in % | taking approxi-
E mated CA =truell

o [1.000 1.07 21 1.07 21 0
1 {1.000 1.07 21 1.07 21 0
2 [1.001 1.07 21 1.071 21 0
3 §1.001 1.07 21 1.071 21 0
4 f1.002 1.07 21 1.072 21 0
5 |1.004 1.07 21 1.07% 21 o
6 11,006 1.07 21 1.076 22 -1
7 11.008 1.07 21 1.07 o0 -1
g {1.010 1.07 21 1,081 29 -1
9 |1.012 1.07 21 1.083 23 )
10 {1.015 1.07 23 1.086 23 3
11 {1.019 1.07 21 1.090 23 -2
12 j1.0=2 1.07 21 1.094 2% -3
13 J1.026 1.07 21 1.098 24 -3
14 ji.031 1.07 21 1,103 25 wd,
15 {1.035 1.07 21 1.107 25 -
16 jL.o40l 1,07 21 1.115 % -5
17 11.04% 1.07 21 1.119 27 %
18 {1.051 1.07 21 1.125 Y %
19 [h.058 1.07 21, }-132 23 -7
| 20 {1.064 1.07 21 1.138 28 -7

e

AQ = g sec O,

True (2 values are derived from the sxect rTelation

B0 = g sec (A,

The true value of BQ (=
data, since

-é.pprc:::z:!.m.i:‘1',ed(Ih velueg are derlved from the approximate relation

% sec(3) cannot be derived from the instrumental
(3 cennot be knowmn {See page 188 of this

Hence only approximate values of Ch can be derived from the instrumental date.

te ort.
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Showing possible angular error in approximsted values of ! , the angle of
“proper® bank (i.e., those velues determinsd by taking the recorded lcad
factor (40) equal to the resultant (B0) of gravitationel acceleration ani
centripetal acceleration), at various values of &, the wrue slip or skid
angle, when the recordsd losd factor is the highest vaelus deriwbla from
the chart {2.05g) by projection et a megnificeiion of 5.

j
AD . = o . | Error in @ in-
@1119 FJEC@ recorded Asproxie BO 1 i‘i‘o ﬁsvc @) Trus S curred by tel-
load faotaor a&ted in © j_ng apprg}i;j_‘.:
in g 'Gh in © pated O =true H
— N
o | 1,000 2.0% boogy 2.08 61 0 :
1 | 1.000 2.05 | 61 2,05 61 0 %
2 | 1.001 2.05 61 2,052 61 | 5
3 11,001 2.05 61 2.052 61 O
4 1 1.002 2.05 61 2.054 61 o ]
5 | 1.004 2.05 £1 2.058 &1 o
6 | 1.006 2.0% &1 2.062 61 0
7 1 1.008 .05 61 2.066 61 a :
3 | 1.010 2.05 1 2.071 61 o ¢
9 | 1.01 2.03 61 2.075 61 0 '
10 | 1.015 2.65 61 2,083 61 0 f'
11 | 1.019 2.05 61 2.039 61 0 :
1z | 1.022 205 61 2.095 61 0
13 | 1.026 2,05 61 2.103 62 =) '
1, {1.031 | 2.05 61 2.114 g2 -3 5
15 | 1.035 2.05 61 2,322 €2 =3 ’
15 | 1,040 2.05 €L 2.132 62 -1 ;
17 | 1.046 2.05 61 Z.1L4 62 -1 ;
12 11,051 | 2.0 61 2.155 62 -
19 | 1.058 | 2.05 61 2,163 63 -2 3
20 | 1,064 | 2.05 61 2.181 63 -2 i
P i g i s - - J— o

e

AD = g sse (Che

BO = g

ser (Pe

since () cannot bs kmora.

True ‘e values are derived from tae eiast rolation

&pprcxmted(ivalues ars derived from ths spproximate relatlon

The true velus of BO {= &0 s3c(d} camot be derived fronm the insirumental data,
{fme page it of ikls Surplowental Feport.) Henss

only aporoximate valies of JE cin be derives from the instrumentel) date.

wd
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(5) Furtns.msrs, the error in (¥ valvas ren Le even further re-
duged by obbudndug a beliler aprroximation of BO than that
obtoinad by ogquating it to AQ. Although the true value of
@ cannot be known, its value by egtatic calibraticn can be
cbtalned from the leteral imbalance lines. Equating BO
end AC 1s equivaient to regarding & as 0, for sec 0° =
1.000, A rocorded value of & greater than 0°, thouzh not
the true veluwe, must always be e better approximation of
the trus value then U%. (Seo page 183, thia Supplemental
Repert.) Thus, if 30 1s determined by multiplying AC by
the secant of the rocorded@, and (A derived from BQ, the
error in €A valuss ia even furthsr reduged, even though the
recorded valus of {& 1as less than the true valus,1?

The load fector trace, then, may be used to obtain ¥values
of (A, the angle of “proper" bank.l2{

I3
F:
.
=
Sr
g
3
%’:7
£
s
%
H
i
M
%

Ge Utllity of "propar® bank ma an indisator of pilot skiil

1, The utility of this detum, "proper" bank, may not be readily appar-
ont, sspecially as it does not represent the actual inclination of
the wings to the horizon except iIn the caze of perfeci lateral bal-
ance, [aspite the fast that 1% need not represeat the actusl in-
glinatlon of {the wings to the horizon, the datum has s definite and
important phyelcal elznificance. It will be recalled that the "pro-
per” bank hag been defined (page 160 of this Supplemental Report)
ag that bank at whiekh the mirplans would be in perfeet lateral bal-
anca for the partieular rate of turn tho pilot hes assumed. Stated
in somevhat impreossionistic and teloaclogical ferms, it is that baunk
at which the plilot is "attempting®™ to fly the turn.

g b,

s St

AR

TR ey

Ag guch the "proper” bank is a simple funotion of the forward velow

119 This procedurs waa followed in dsriv{ng the "proper®” bank valuea in the
gauantitative anslveins to be published at a lator date.

; lzo.lt ia tc be notad, however, that it must be known to the reader of the
¢ records that the subjeot was in a turn in erder for the datum to be de-
2 rived, (See page L of ths Introduction to the main repert.) In the case

-of elementary mansuvers, however, there 1s comparatively little chance
of confusion of records of turns and other mancuvere, with the poseible
exception of spirals, which will ordinarily bs made only to a landing.
Spins and stella produce a characteristic trace; tracss of "bumpsa™ and
gusts are too short to be confused vith turns. Any such aumbiguivy would,

= of course, be entirely eliminated by the proceodure cf employing standard
flighte, In unstandardized instruction flichts it mlght be slimineted

by conference with the pllot in regard to doubiful sections, which would
ba very few,

- ot AR R gt e



eity and redius of turn of ths airplaned?l In Diagrams 1 end 2, the
centripetal component of meesleration (BC} 1s equal to ¥°, where ¥ ip
R
~ the lincar airplans veloclty psrpendicular to the radius of turn, B,

g_azgtaud,
[;1

which may bes expresged

2?
CK arg tan B

4

"

or, since g in gravitatlonal uaits z 1,

3, = erc tan ¥~ 122
R

2, The validity of this datun ss aa indicator of pillet mkill may perhaps
bsat be demonetrated by an 1llustration somparing it with the actual
bank, waish, of gouree, reprosenis the metuzal inclination of the wings
%o tre horizon. Buppese, as in ths cmes of the power turns of Standard
Flight G, 2 subjeet has besn instructed 4o make s latarally balancad
turn with & bank of 60®, The subjset aiming at 60?2, "ehoosss” a raie
of tura (by ruddar and oleveiur leflection) for which a bank of 45°

s

121
&ad thus of the rats of tura. Iu the above aguations, the quantity E?may ba
written ¥ W/, whero&/ ip the rate of Harn, R

122

The question of direction ¢of ¥ doss net mriss in this methed of anslyaie, It
is assumed that all turns are wade in = horizontsl plane, (i.e., that ths
aoceleration cemponert perpendicular to the plane'e thrust lins is coempazad
of » vertlcal component of 1 8y Plus a szabripetal component,} The stabsad
relations will not hold if & turk 1¢ mada in any ether plans than the horie
zoatal. Referring to Dlagram 1. in a simple belieal spiral, sither up or
dean, the atteinsd resultent BQ aud i%s radial accelsratlon BC would not be
in the earth's vortical, bui in a plane psrpondioular to the thrust line of
the airplane, Hencse §0 would egqusl g com k, whera k is the clinb or glide
mglﬁa

If the airplans 1s sctually c¢limbing or divinz in a suppeesdly horizombal
turn, therofore, thel waluse derived from the relation

B0 = g socCA
will be somewhat uadervalued., For small veluss of ke however, CQ 1is a wesk
function of k, and this error may be neglected, provided the values cfCh are
large. Thla & sbrong funcilcn of 5 for small Ch's, but the insirumens will
net ordinarilir be used o dedarmiae 5ma11(h-‘s§ bagauvse an initial biss soms-
what greatoer than lg will asrdiparily bs used for.itha reatraioing spriangy causs
ing load factoras produced ia small LA'g not to be reccrded,

The stated relations will hald generally if G0 iz substituted for g. The
value of GQ gould; ol ooursa, be kuown in & climbing or zlliding turn 1T the
velus of k, the cllab or 2lids angle, wore hrown, This velue cgnnot s dew
rived from the inetvemeni {fas noss ihig §apnlemontal Rspart. )

§
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(the "proper® btank) is approyiaiz, end furihsrmore elips st 109, His
actual bank in this situatlon would be 55° {= 459 *propar® bank & 10O°
siip). TYet it 1as obvious that thle subjsot hes not made = simgle errer of
5°, merely becauss he tippad his wings t¢ sithin 59 of the preaeribed
bank, Ko hao made twe srrors: cna of 15¢ (= 60° = 45%) in swoosing

his rate of turn, and one of 1(? in his failure to meintain lateral
balance.

S

3o Thus, even though the actual benk does represent thes actual inolination
of the winge to the horizon, it is spparertly a less useful and leas
valid datum for derlving irdices of the subjest’s pllot skill than the
"proper® bank, which may or may not represcn: the mctusl position .f
the wings to the horlzon. Thie deficlency of the astual bank arises
from ths faot that it 1s a ocompounding of two effects, nelther of whioh
it indicates directly or silmply:

 ponie Snslimlsgunt g Mol 2 ST

a. The pilot's estlmete of the proper rate of turn {(at a given velosity)
to achleve the dezired bank (ze determined primarily by slevator and
ruddar), .

: b. For the chosen ra%e of turn, ths plloi's swccess or failure to bank
) propsrly (es determined principally by the eileroms),

The "proper" bank indicates effact a simply and direectly. 4 limited inw
N digation of effeat b is giver vy the latersl imbalance traces, discoumed
4 in pageslf9- B of this Supplerenial Report.

D. EHffeots on the record of hitting ths prop-wegh

1, a. All traces of theo PR=3 rscord may be affected by hitting ihe prop=

wvash., Since the problema concerned with identifiecation of prop-
& wash effaots on the record invelve ohiefly the load facior trace,
however, they wlll ba discuszed ir full in this esctlon.

B " b, If a pllot carries through ths first 360° of a 7202 turr with neg-
iigibls change in altitude =and en epproximately congtant radlus of

. turn, at the completion of the firet 360°, the airplans will anesunw
g ter the furbulsnt stream of alir cauvsed by its previous passege.

Upon this enceunter it will be subjected %o various accelerations,
the effgcets of which will appear or the rescord,

r

6. Jt is desirable to identlfy tliege prop-wash offacts for iwo purpopeu;

¥ (1) 1In order to credit the pllot with an sxcellent performende of
2 the firet 360% of the turn, and

{(2) 1In order %o discount tha irregularities in the traces whieh
hitting the propewesh, ae hitiing any other bumpy ailr, produses.

2. To further such 1dentificatlion, the Tulane fleld experlimenters noted cer=-
- tain "characturistio” effecis whioh sometimes mppear on the recoerd when
the prop-wash ia hit. These effects, illustrated in Plate IVi, conslst
of a rapld drop of the load fzotor tracs te i%s base-line, or a pelnt

S g T Ll W, B
, .
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near the base=line, followed by a rapid returr o approximately its pre<
vious helight, and acoompanied by & simultanscus spike=shaped trace of a
sudiew extenslve slip or akid, or trases of bolk,

3: a. Unforiunataly, howsver, these offsctes do not inveriasbly acoomoany
mitting the prop~rash. In FPlate IVj, for ezample, the pilot hit
hig grap—waah}z d ne puch sffeats appear on tho vecord., I% ie
thus nsgeseary to explain the divergence in recorde of the same event.

b.  An understanding of the nature of the prop-wrnsh is neeessary 4o a fall
explenation of its effeste upon the records.l24 The ™prop-wash® one
countered in the air, &«e distinet from the true prepeller streum enc
sounterad behind an sivplane on ths ground, is compased primsrils a?
the down-wash left by the wings, whioh tends %o be perpencicular %o
the pooitlon the wings oocupied when it wume formed. A second cowm-
ponent 1s the voritiees lefd by tho wing tips, one vertex on each sids
of the dewn-wagh. Eash vortsx whirls ia the manner deternined by ihe
down-wash; 1.8., wiih the side vaarest the other vortax geing dowa-
ward, Tha real preopeller slip—siream is carricd below these vortices
oy the down-wash.

t. The entire moving masa, callsd nollsohively the prop=#ash, exparda An
digmeter and grows leaw turbulendt ag tite pnoses. The down=wacl from
the wings, belng originally the most powerful of the thres eiomenys,
is the moet perslstant The reml propsller eiiprstream diseppsare zome
rapldly, and itg dissipation im aided by the expansion and divergenao
sf the down-wmush.

4, When a pilot encounters any pust of thie turbuleat wess of alr, he mEy be
sald to have hit hise prop-wagh. The effects on the airplane, and thuw on
tha record, of hitting varlous pevis of thie masa, however, may vary son-
siderably, according to which part is encountered and how it 1s encounkered:

a, in a turn which is almoat perfectly cirsulsr, at the moucni the wings
hit the downewash, they are inelined in practically the same diractton
ag they were when the downewash was formed. Q(onsequently the downe
#ash 1s almost perpendioular to the wings, the lift 1la rruatly redused,
and the load facter is redused correspondingly,

Ju the emergence of the airpilane from the digturbad air u1ag, the

1ift and lead feotor return to appreximstoly thelr previnus valuss

{if the pllot hup mads no 7ary extersive sdjustments of ths contrels).
In such lpetances, the lemd factor trasa showa a drop to, or naarly
to, i%2 base-line and a quick return %o its previous velue, typifisd
by the record shown in Plate IV,

L. If on enecuntering the dowas=wszh, ths winge sra inciined in = direse
tlon somewhat differen’ freow She dlrectles they wure when 34 was frmod

ETEe N e ] mes

23 Ae witnessea by the agaempakying chasrver,

LZe : N
2 oy mo for poriion of the ahsvo axpssitlon of tie effeets of yrop-wash cn ihe

2« wrrord ie dne helpfrl sentieiinaion of Prifoeeor Javid o, Webater.
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she full eseeleration inmg o 4.d by the dowwash willl net lls alsng
the ailrplans vsctlical, but #ill ke resolvsd into alrpiare vartical,
lateral, snd iongitudinal compunsuts., In such instansez, ihe drop

in load facter need wmot beo se prenounced as that showm in Plate TVi.
The lateral sompousat in such iastanges will cause slipping or akid=-
ding, ms shomn in Plate IVi.

g. If on completion of ths firat 160° of %le turn the elrplanc ¢ mooun~
ters not the downewash from the winms, but one of the vortlcea loft
by the wine tipa, the offesl on the leal factor will not be very
pronounged, tut lateral 1lmbalancve will result, Because of the furm
of thease vortices {Ses abovz), the lateral imbalanca will iiksly
conalat in a alip quickly follewsd ty a skid, or vica veraa,

d. Finally, 1f the sirplane ensounters only the outer edge of one of
the expanded wing tip vortices, the airplane mway recaive only a
wild "bump", the effeots of which are negligible, Im such instencse,
a record such es that produssd in Flate IV§ may result.

Recorda of all the varying uypes described above were encountersd st the
field. The nost aomplex record ncted showed both & skid and slip (ic
succegsion) accompanying the drop in loed factor,

To summarize the preceding cdiacussion:

8. Hitting the propewash sometimes produges certaln “characteristio®
effacts on the R-5 Bide Necorder racord of the general form shown
in Plate IVi, These effocta conglat of a rapid drop of tha load
factor tracs, frequently tc ite bDase«line or a point nerr its baso-
line, followed by a rapid return of the trace to approximately 1ta
provicas height, and vsuslly aocompesnied by a simultanecuw alip wr
ekid, or both.

b The effeots may vary in magnitude, depending in part on whother the .
pllol hits the fulil alip-streawm or only ite edges, and in part on
the ralation between the directions of the prop-wash gustis encoun~
tered and the attitude of the airplane.

e, The offects may alac vary in complexity.

Abgence of ths "characteristic® effects on the record, illustreted in

~ Plate IVi and described in parszreph (1), does not necessarily indicate,
therefore, that the pilot falled to hit his prop-wash. Horeover, since
the prop-wash is perely & msss of turbulent air and any turbulsnt air of
similar velocity“ﬁhight produce similer effects on the record, 1t wilil
s well to define the conditlons under which presence of the gsarticulsy
effects may be teken to indicate hitting the prop-wash.

It is to be noted, however, that gusts of sufficient violence to produce &7
fects of the extent shown in Plate JVi will rarely be encountered in weatuszr
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conditions during which student flying is permitted.
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s, The «ffosha coavy AKPP%&,HEGGly v lleay threugh the mansuver {(L.e,,
gt the ond o Sre fived 3607 07 Ve

b. The "proper® bonk da t
iha pllotis rate of
not have appreximed

the Tirat 3607 {2 not vory variasble; stherels
tnrn wousd haye varisd spd dhe rlisht poth walld
ed a parfact cirsle.

¢: Thare is mot wyed alpning or 2kiddisy in th& rot 360% of the tumm,
rasulting iz gizoedls chancea ia sltitudo L

Applying %thega proviciowvs, it wovld seen pogeible to judge with & reysaon-
ab%le and practical dogras of gertalniy whosher thae effects repressnt hli-
tlog the prop~wash, or vhather they ehould Lo suspact.

hacurany of the mceclercmster {lead fagtor indicater)

The acanleromster of the Rl Rldo Rowcrder ussd in this sbtudy conslasted of

2 weight having a mnos of 26,75 os., suspenied on, and held up against a siop
by, & aprinz of such $eonalon thet 1t would nbt dsflect under a statie load of
lese than 1.05g; conebrzined 4o movws exly verticelly %o the bacs of the ia-
gtrunernts and preveatad Ly o sisp frem compreszing ths spring further than
the deflestion vzennionzd Dy o etatie losd of 2.05g. The amplituds of the
btrace mads by the revcrding sztylva is ten timwes the ezxbent of the aelual
nevement of the welsghi: l.u.,; the mevowent of the weight 1t mechaninally mul-
tiplicd tsa times By the reserviéing systou. Tha rac;rding range is one lnohy
tho rangs of wovsment of the weight 1s 0,10 inah,

1. Ffrrors dus to suell ranss of deflschion and large ratio of multipliseticn

e The emall ranse of movenmens of the wel-ht and the comparatively large
extent of mulitlplicatlon of miyvomen: cast doubi on the acsuracy of
the recordiaz of load faocter. Vory alight irevsgularitles in the re-
aponge of the #szight to the lmposcd leads would produce relstively
largs errors in recording, Likeviss,; comparatively slight maladjmst-
rents of the rechanienl wultiplying gysiom would produce ralatlively
large arrcery in recording.

Errozs in respfase of 4he wel-h% 4o the lmpesed loads would scosizd
in errors dve to bYouncing of the wel bt aszeingt the sitops and errcrs
dua to fristion and stioking., %hsro is comparatively llitle frietion
1a the aystem, howsver.

Lol
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Altituds changes resuliing from elippirg or akxidding pight %o offset by climb-
ing or diving in soms instanzes. Twu gush instanees provisicn {g) would not
hold, i.e., the effects might actuslly %c prope-neegh offacte deasplte extenslive

lipping ox sildding. Failure %¢ attribuie ih 2 affecta tc propewash io auch

iugbances, however, would nat ssom o ba a serious srpor-
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Since no salibratione of the sysiem were porformwed at the fleld,
it is impossiblis tu state the extent of thepe possible arrors, and
thus only the posalibllity of their prssence can be noted .27

It was not praciical to porform calibratlons (either static or dy-
ramig] of the accelsrsmeter st the fleld owing te the demands on

the use of the test airplane and ths lumpractisallty of disturbing
the installatlen, Sinee in almost any uge %0 be made of [light re-
corders 1n procblewa of pilot selsctiorn, elapsification,; and training,
5t will be impracticel to havs frequent fleld checks and service of
of the instrumeni, 1% is spparent thei the lcad fector indleator
ghould be designed $o have such a daflection range thet possible
frietional errors will induce a relatively =light proportionate ar-
ror of reecording; and thaet, morecvar, ths ratis of meshanlgel mulii-
plication should be relabivaly small in order {s reduce ihe magui-
tude of posslible errera due to muludjuetmentis of the mschanlieal
transmlieslion syetom. Inasmuch as the sccslaromster of the Ride KHe-
gorder does not meet theae requiremeonts, it must be judged relstivaliy
unpetisfactory for fizld use 128

2. BErrors due to limlted dampinz end the rseordive of high-frequency elfzals,

b

The aceelarcmeter 13 peeudo=damped hy means of stops placed in pusi-
tione gorresponding to the exlromas ef the scale of the chart., Tule
stop-dampling ie, of course, lnopuraiive whou the woight 1e in a po=

aition beiwsen the exbreme rangez. Thus, in the greataer part of tha
rangs of load factor recorded, tho device in undampsd exospt as the

dry friction in tha systom serves as a damping facter. The damplag

induced by this dry frietion le relatively alight,

The consegquonce of thiz lluited denping srd tho hish na;ural fre-
quency of the gystem is that the syostewm la aifected by, and ths sty-
lua will record, other effects than load fagtor, These effecha sra
the hilgh«frequancy vibrations of the propeller, engine, and frams,
Since the frequency of thsps vibrationa is much hisher than the {re-
quency of changea in load factor, there iz ne "interferonge" {(i.e.,
summation) betwser these twe affects, 2ucepi in poasible very igo-
lated inetances. The vibrations tracs 1s thus superposed oa iths
trage of load fretor, end appears on the resord as a complez of mins
curves, whose form is very nearly that of a simple sine curve. {See

Flates II, III, and IVzelVi,)

127

128

See page 12§ this Supplemental Report.

It should be borne in mind that thie aveelorometsr was designed for use in
rallway cars, and not in airplsasa; hoence this daficiency is no reflection
on the desipgn and crafiemanship of the marwfectiurer. The mamifacturss hus
reoently developed an sirsdampzd low-fragquency aceelsrcaeter, avallable in
geveral recording ranges, whiech may hare olimimatsd theao and cther defi-
cisncles, The writsr hag mnot oxamined euny of these nower recording uniie.
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The fzot that the vlbratiors trace has this simple form despite ine
suppoaad gomploxiiy of the vibratisns thomsslves way be altribuied
te the prosense of a regular epimple domwlnant vibratien which iz eo
powerful ag to ohseure tha form of +the other wibralionas, Thia dum~
inant vibretion ls 1ldentified as thet of ths prepelier and oropsllse
gha s,

Sfinese this superpoassd trass nmay be taken %o be a almple slne curvs,
the tiue veading of load faster alb any polnt im cbtained by taking
the heizht of ite mid-point from the bagse=line.

Cortain instancos nppsar, howevsr, in whiob ihis proesdures is both
imprenklical and lnasgurate. These lnstensees are records cof occagions
on whizn thazrs cgcur anglne, frems, and propeller vwlbrations of a
frecgoency appreaching the satural frequency of the welight-andeznrinz
davige. Whenever & vibration of sucsh Irequoney 2ccurs, the vibra-
tions trece rescorded 1s not = true Lrace., The wolght ig ced awlpg-
ing in iis natural frequsa:y, and the rasuliing trazee is m “haywire®
effsst. (See Plates Ia and I2).

In suchk iastances, roadings of Josd fuetor sars vory dublous, 3ee
egpezially the first sectlon of Maneuver 0, Plate Ja, Menauver 8,
Plate Ib, shows a much milder form of this effect, but it will be
apparent that even hers, load factor vrsadings in certsln sectiocna
are open to censiderable doubt. The proportien of Mansuver & con=
taining the effect iz somewhat less then the proportion of Nansuvver
8 in the zase of both platsg.

In hardling the rscords, ths effect cun easlly be identified. (Com~

trast Flates Ja snd Ib with Platez II, IIi, and IVa-IVj.; The dis~
poaition %o bz made of such records wiil depend upon the purposs

for which thsy are used, In "slinical® sstimntea of the excsllenes

of the performancs, the of Javt can ke discounied im makin: the gusli-
tative judament, usnless it 1= wery pronounced ard perslata through

a large proportion of the warsuver, In =xect quantitative treatment,

tha hest souvrae wgould seem te be 4o digeard at lesst the extreme crem (129

The caasa of thio offsct wazx ddentifled in the folloving manner. &
record was obtained of the sngine, propexlsr, end frame wibratioms

of the tost airplare throuzhout the total renge of thrsitle asliings.
The en-vine was run with the alrplens on the ground with the wheels
ploched. Tharottle zeitilngs at intervals of about 100 revolulions

por minuis zere ussd, veglmning at 475 r.p.a., the lovest seiiing
obtainable, and eudinz at 2100 r.p.m., full opsn throtile. The re=
sulting trace showad $wo digtinei gootlons which resembtiled traces

129

o - [P —— =

Sueh e¢ssos wers dlpcardsd in vhe szampls guantiteiive analysia.
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3% npaSurnl Dooquiaeied, oiw &b U0 TLp.ite, and sne at 1507 rep.m. 130
Thue traze wlise zhpzsred tuv e augrcashlag auothss sush section ak
the top metiiug. The famt was Shus sstablished that at cartein
throttle eettinze of the ‘oot alrplano, the engine, propellisr; and
framo ¥vibraticns auproachs? the natural frequency of the asccelerom-
ataer, B

The rest of the prosedure was inferones from thls fast and the ap~
pearance of the sffect or the record. Xt is impossille, of course,
to ptate under exactly wnat dynaxie condlticens a2 vibration frequency
approuaching the matural frequensy of the devige will cecur, The en-
gine, propeller, aud frume vidbrations in flight will depend not only
ot throttle astting, us on the ground, bui also on flight atiitude.
Glvsn the appearanos of the trace, howevsr, and the fact that there
ceour {dsterrinsd by throttle gotiing alons) enzins, propseller, and
frawa viiretlons of 2 frogusnsy approaching the natural f{requesnoy
of the device, it ia logical to iufer that auch itrsses as presented

1T

T — -

The ealeulatad netural frequency of i$he syatem ie¢ appreximmtely 10 per ses.
or 593 per mip. #Errors in the tashowster of the sirplans and srrore in meas-
uring the dsflsation of tha apring of tho iveirument under the statle loade
uesd in oalibretlion eould scooundt fur ths difference in the omlculated and
saperimentally detarmined natural freguencies.

The natural frsqusacy of & wsight-and-srring acusleromster ia given by tha
rormula .

Nafo oy 1 7 E

- ek ar 2 m—

2ﬁ' PN

whare E = epriag constart s dpplied-force in poundale {os dynes)

dafleation of Bpring 4n The (OF oMo,
and m = mase of the moving perts in 1ba, {or grams),

e

Sinee a static loard of 15 (32.17 fﬁofsacgal asting on 2 mass of 26.%5 ™.
deflected the spring 0,10 s . {993 page 15)s 1
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ta Pletes I3 and Ih ocra the resull of tho recoerding of e wibration
Troquensy in the wielniiy af the natural fraguoncy of the ayatea.

t, A2 membioned earlier, 1t 1g the presense of thiz sffest which walsg
it dubloue procedura tn utilize tho %racs as an indlcatasr of Lhs
enctbiagze of the air. mall gstlonn of this effech would romordilis
troses of "bumps®. Genversely,. it Zsg rnd pomsible to sStribuls “hay-
wire®™ traces to the "hnywire”™ offsst unlesg they pervsis: for u iz
length of +ime, The satze of a sscblon chowlng only one or twe such
ceolllationg of the form shewn in Plaiag Iz and ID wonld be egulwaeal,
It wouvld Yie pospible; of course, to dlascurd such a seveiion, whalever
1te cavse; and thueg, the praciical purpene ef uwtllizing tho tsnas e
12 b

2% P
en indicator of bumpy alr would be gerved nevortheloua 3L

0

3« Errzors dus to faulty iratalletion

& A cérialn errer may ocuvur ia the recording of load Taalor whea iho
fastrument is mountod in a posisicz otiaser thaw the vavtical atis 27
the sirpiane. If the azeslercmober iz mounied 4o one gids of tis
lonzitudingl saie, 1% will be wifected by angulisr asoaslsraticos of
roll; A€ 1% is mounted to cne 2ide of the lateral axle, 4% %ill be
affastod by angular ageslavatiens ef rdich. Tava, 47 4% ie wounlsd
In any position otbher thun the wort.oal rnxic, it wmuet be alfootaed
by ozne or beth. The rssorled offest la then the algebraic sum of
the affecie of angrlur segaleraticas and lead fachor. Ia mead of
the feasible mouniing places ia the rariouns Clags 1 primary $rilne
ing sirplacesg, the eifest ol thess sozalar accalerabions will nod
ba great, expseislliy suat »f angelay zosalerasion of voll, It ir
iwportant, hevwsvar, to consller the pogeibls effeet of wngular a3
seleration of viich,

b, The lasirumeni in this particelder projsel was duztalied I o hage
gage ocowparimont of 4he teat clirplune {an Asronga Taidem Tralnos,,
Kodal 50-TL} ot 2 jposition appruslmately 43 fesd bahing tha varifosl
axino.

In order tc determine 40 what szt the valuss of load feshber wera
affootad Ly ke srrov, it 1s neseescry to "work ook Zrom aa ase

suped chartovalus error. {(Sinse all the rscords curtedn the FITER
itn extent cannet be ioclatsd by cowrparigon of the rcords &b hord.)

Anguning, for oxemple, thet the load fmoetor ftrace i3 affveted By sa
angular acselaratlen of pitch cawsing an evror of 0,10g for 1 seeend,
the ars which the ingtramond would dislribae aboul the caubaer of

131 There is uo ralation betwson tha prasenss of tinls offeed end the molaiica of
bumpy edr by field sisparimontsrs or adminlaterirg insbrueter: scae instursy
pcour whon the pressnce of bumpy ali ie notol, saay oscue shen its progsnce
is not nodsd,
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grevity ia glven by the gecoral sguoilon

3=k g 22 -

aniid

2
shere 3 1§ tangernitial llosar accelaration (the racorded arror) in
faai/bacud and § 1a time in eoconds.

5 =(3) (0,30} {32.17) (1.0)2

30217
2

L. 6GES fead,

The angle,l , of rstaution 1a given in degrses by the general squa=
tion
=g (57.295Q)
B
whorg ‘
+he ars la feat {or laches)},; -

223
A3

P n Wha rud?us of the ars in fest {or inches)t3?

épprﬁxﬁm&taly 57.5 in:has,133and

i

L radisl in d&g?ﬁﬂﬁ\: 57,2958

/= {1,8085) (12) f{5%,.2058)
57,5
= 19.3°

“hus, ‘n order for an anzuler accelsratlon of plish to producs an
error of G.10xg in the load faoter resord for 1 second, the pitsh
apzle of the alrplane would have %o be shanged 19.3° 4da that second.
This displacemant within tniz time would ssem to¢ zorreapond to fairly
crtensive ard suddon elsvator adjustments which wlll rarely be ene
sountered in elamentary mageuvers.

In order for exn anguler acuslaration of plieh Lo produce mm srror of

——rr T 5 W - a [

132

133

That iz, the distance aleng the lonzitudinal axis betwsen the vertlesl axis
and the projesiion of the nceslaromster en the longltudinel axls.

The sweluze are glven in iachez to permit sansellaticr of e pair of guantitles;
Lhencs the valus 12 im the nuneXaisr in the saloulation 9P the walue of LS,
Tho epproximase valuo of R = 57.5 inches was obielinsd by actual meaguramert ,

being the dictanos taken on a line parallel tyv the sirplans'a horizontal aand
longitudiesi from the isadinz edgs of the wing to 3he wenter of the baggage

conpartment of an Aeronsa Tandew Trairer. Since ih»s center of gravity (and

thus the verticel uxie/lies.gavsral inohes to the rasy of tha leaeding edge
5f the wing, thls welue 1s prolably excegzive by severnl inches.
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0.05g in the load facter trase fcr 1 second, the pléch angle of the
airplane wculd heve o be changed about 9.659 within that second.
Even thio ordsr of chapge In pitch angle would seem not fo ocour so
often in the elementary mansuvers as to prohibit treatument of the
racords. ’

¢, It may be stated then, that though the error in the loud factor
trace in thles set of records due ta the reecording of angular godal-
orations may operate to produce cccaslienal readings with an objec=—
tlonably large error, the toial load factor curve of a given turn
will cloazely appromch the true curve., Furthermore, since ihe error
may be plug or minue, if walues of load factor or "proper" bank,
derived from the valuas of load factor; are 4o be avermged, partial
gancellation of the error would be sxpected.

d. The posaibvle srror is nevertielsass toolarge to admlt statement of

values of load factor or "proper™ bank to as high & degree of me~- -

curasy ag might be desirable. 341n posglble {uture uges of the in-
strument, or other insbruments contalniug a load factor indleator,
varticularly in ths case of alrplanes with grsater mansuverabillty
than the Aeronca Tandsm Tralnsr, somewhat mors oars should be ox=
orclsed iln selecting & position for mounting, with more thougnt
zlvon to accuracy of the records and less to coaveniange.

of the static calibratlion to derive wvalues of lead faetor from the ghart

L,

2,

Throughout this study; the slatio eallbratleon of the acvclerometsr was
applied to obtain valusa of load §fastor from the oharé. Since the lcads
recoerded in fllght are dynamie loada, a dynamle callbration should pro=
perly have been employsd for highest preclsion, but it wag boliéved that
$he possible differengss in the stetic and dynamle calibratiors of the
acaelerometer were too smell to justify the laber negessary to calibrate
it dynamically. (A dynamic¢ calibration was not furnished by the manu=
factursr.)

It wap not thought neocessary to perform & dymenio ealibration of ths ao-
calersmeter for ths following rsasons:

g, The weight may coupresa op afretch $he spring only within a limitad
vange of leads {1.05~2,05¢). 5ince the weight is prevented by ihe
upper stop from stretching the spring boyond its orlginsl tension,
there ie no tondensy t¢ plastis deformatiom of the epring.

b. The natural frequency of ths aceelersmster 1s several times the fre-
quensy cof the inppoesd dynamie accslerationg thus, the system paen re-
oord the impossd ecceieration corrsstly as ito dynamic freoquency inm
all situations in #iich the "haywire™ »ffast is abseni,

See page 178, this Supplemental Report.
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c. Sinoe conditions {a) and (b) exist, thers would be 1ittle diffsrenoce
in the static snd dyneamio calibrations of this partioular unit. Ale
though the dynamis calibration might show a legarithmioc or other non-
linear curve, the deviation from linearity in each chart division of
0410 inch would hardly excesd the poasible daviatlon owing 4o errors
of recording.

do In view of the posalble magnitude of errors discussed above, it
¥ould sesm to be false preoision to inelst upon the use of a dynamie
rather than static oalibration.of the accelerometer,

¢. The bank values derived by applioation of the atetie calibration to
the trace in both the qualitative mnd quantitativs atudies of the
mein Report are remsonable and conform to expectation.

f o his atudy with reperd to acoursoy of the acoelerometer

In view of the number of possible errors in the bank values derived from
the values of load fmetor, it 1s impossible to phrase an acourais esti-
mats of the extent of sush errors,

One feoi deasrves special menticn, howevers relatively large errors in
the values of load factor in the upper part of tha chart scale will pro-
duce relatively amall errors in the values of “"praper®™ benk. This faoct
is 1llustrated by Table 1, page 28 of Part 1 of the main Report, «r by
the duplicate Table A, page 99 of Appondix B to Papt X. The mnature of
the sscant relation hotwesn the value of load fastor and the “propa®
bank mngle is such that in the upper part of the chart scale, relutively
large increments of load feoter represent relattraly emall incrsments

of “proper" benk,

The bank values important in thia study of steep-banked power turns cor~
respond teo lond fastor velues in the upper part of the ohari acnle,
Therefors, it would be expested thai, apart from possible phywiocal oun-
cellation of the ecrors {(ae when one srror offssis mnother in the raoe=
corded trace) and apart from eslgebralc cancellation in the preparation
of indices by averaglng values, the magnitude of the possible errors in
load fastor would not seriously affect the benk values, exoept in fpo=
1lgted instances.

The data derlved from the load factor trace were thus deemsd to ‘e ade~
quate for the purposss of this esxploratory atudy, Greater preciricn in
suoh deta, howaver, 1ls rsocmmended for future studles. It 1s to he noted
that the tresntments appllod to these records in the qualitative a:d quan-
titative analysass reported in Parts I and Il of the malo Report auticle
pats many problems which might be encountered in {treeting mors sasaurate
recorde of an improved instrumesnt,
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The calibration of the lateral jimbalsnce pendulums

It will be recelled that two pendulums, eech sicpped at the mid-
point, are employed to indicete deviations from the position of
lateral balence., The following dizcussion applies to each pen-—
dulum, and the singular "pendulum®is employed throughout. Each

of Diagrams 3-5 mpplies equally well to elther. I1f the observer
imagines himself to be viewing the pleane from the reer, the dia-
gram applles to the left pendulum; if he imagines himself to be
viewing the plana from the front, the disgram applies to thes right
pendulum. The %wc tracss produced by these pendulums were cali-
brated statically, and the scale is such that each 0.10 inch in
height of trace represents 20 additionsl devimtion from the level
position under static conditions. The limit of the scele for each
trace is 14°.

This statie calibration failsg to give accurate regults uadsr son-
ditions of flight, however. The following materiel is a resume’
of the laveatigaticns to detarmine the cmpabilities of the pen-
didum es en indicetor of angulsr devistions from perfect lateral
balsnce.

lo. Hature of the error of the rendulum in showing slip or skid
- angle

a., Under static conditicns the lateral pendulum indicates the
true engle of inclination of the instruwent from the horigomial.

ETATIC CONDITIONS

P
e

-

= Horizan

Dlagran 3

} Here the teanlon on the shaft of the pendulun will be
It simply m'g, m' being the mass of tae bob, and g being
gravitationel acceleration.

i

.
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be Mnder corditions of flighi, however, ths pendulin mey or may
not indicebte ithe wrue sngle of inclination from the position
of perfect lateral balancs.

{1) s :ilustrated ivn Disgran 4, in any giv@n tirn in the
garth horizontal with angla of bank, fQJ the airpiane
%3111 be laterally balunced when tne resulisnt gbﬂj of
gravitstional &Cfflﬁrhticﬂ GO and the ceniripetel
sccelerntion (B} 5 perpendicular to tha ving span
cf the sirplune. ln LJ% p2rfectly balapced turn, ths
tonsion of the shelt of %ne pendulum vwill be m' tipes
tne resultant (EQ), Fid the penduiwn will rapg in ths
airplens vertical ulwnb line OB, indicabting no deviation
from lateral balasos.

{2} Im & turn with otip, banJEIg the ahovre Rirarem 4 dozas
not holdd3dP 4 sl g rosulis when tha "centrilugel ten-
asacies®  ave not great anough fo ¥eeo the zirplane in
perfect wvelance for the particuler angis of bank the
pilet hrs essumed; l.e., when ithare iz feo Little
feentrifugsl force,™ arnd the resuitaent ot gravity aud
centripetal socelevation ls pet perpeediozsiar 6o the
rlng spen of the sirpiene.

it A - TR MM SRS U e T M A T G e T L T P e B mim P S T AL B AT TS T L i 4l R Ik bia LTS =

Eaﬁ..

135 The same i3 fxue of & tumn with skid, The derivad relations involving
the engls & hold whether® 1z the siip or skid angle. Thz dlagrars througha-
cut this Supplenentsl Repord ehow 4Lz <)ip zibustlen only, for the salis

of conveslsnes,
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ACCELERATIONS DURIDD SL7F A UOURTANY SFNLE ATD CORSTANT RATE OF TORM
*
\‘a
/f ‘
dvtual Poslilon of Wing =/ - ~= Argls of "Proper®” Eank

Horizon

DIAGHAM §

’fln this dingram it is assumed that the airplare was in laterel balames

at angie of benk 3 with respect to the horizon until suddenly over-
banked by angle /2. :

The dotted line at angleTwith vespeat t3 the horizen therefore TEPrEe
pents the position of the wings at which the airplens would be perfectly
balagced for the perticular radius of fturn ah the particulsr veloeity.

+

The solid lime 2% avgle (¥} with reepect to ihe horizon reprasents
the actual positloa of the winygs affsy overterking,Fbeing the angle

s
o s1ip.

Wite 0o eir resistanca,
lateral saccelsration 2 g = AH,

end pendulim will hang in aippleve verkic2l in 1lin= 04, shewiog no
deflection.

With no lateral secelera’ion, «- ' .e., when
lateral acceleration = s - ks 20,

pendulum will haug in lise DB, indiceting tius angls of alip {739,
¥ith diminishing letersl aceeleration {luteral veloeity not yet conatant),
Isterel acceleration = & ~ g =XB,

and pendulue wiil hang in line OX, lndiceting engle of slip {2} with =
\Pegative angular error (o). | A

3o0s text, pagea 180 ~ 185,

!

gt
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flefurring to Dicgrom 5, during the inivisl momentis
of & viip resulling from suldden overbenking, the
only external foree mcthing upen the airﬂlane is
the serodynamic 1ift force along AC perpendicular
tc the wing spen. tence the ovsrell resultent
accelerstion must iis in the zeme direction. But
the rasultan?, of ceantripetal acceleration (BG)
and gravitstional accelerstion (CQ) lies along
B0, Hence the eirplare immediately begins a slip
accelsration in the direction of the wing span
and of such magnitude, {AB) that the sum of AB end
BO will lie in the line AD. As indicated, the sum
of'g_ B and BC iz A0. Thies inltisl slip, or lateral,
acceleration (AB) will be Aesignated a3 .

The abova diegrep of accelerations (lisgrsr 5)
applies to the pendulum £g well as to ihe eirplane.
A% the beginning of the slip, the pendulun 1s
henging perpsndiculsr to the wing span. As long

as the net accelerabtion of the pendulum remains
parpeadicular to the wing span, i.e., in the direc-
tior AC: the pendulum will show no deflection.

{The situation is znalogous to the effects upen &
pendulum suspended in & cer which is rolled down an
inelirved plan When the car is statiorary, the
pendulum hengs in the earth vertiecsl end indicates
the angls of tne ineline, But if the pendulum is
brought to 2 positicn such that it hange in the car's
vertical and the cer is ellowed to roll down the
inecline, both cer and pendvlum ars subject to a
uniform scceleraticn, snd the pendulum will continue
to hang in the cer’s vertical, sc ling as the accel-
eretions are uvniform.)

This situailon will not be realized completely in
the air; but will be epproximated in the first
noments of a 2lip resuiting from sudden overbenking.
CAlr resistencs on The aide surfece of the airplens
incresssg repidly with the laters)l velocity of the
airpiane; this resicstance opposes the lateral motion
of the airplena., Ths regultunt of this laleral

wind resistonce and the serodynamic Lift is & net
exterpral force which 13 no longer perpendicular to
the wing span, but whizch leaves the direction of

AD and approaches hat of BO az the lateral velocity
increases, But the lateral scceleration occurred
.only by resson of the deviation of the net sxternal
force from the line BO. Hence &s the latéral velocity
and, with it; the latersl wind force, increasss,

the lateral zcceleration decreases. After en infin-
itely long time the net externsl airplane force will
lie along BO, thu lateral ecceleration will be zero,
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end the laterel velocity will be consieni. At this
time the laterai wind force will be of such me-ni-
tude us to bring the airplane net external force
vector into line with BQ, i.e., the letersl wind
force will be equal to the mess of the alrplane
times the initiel lutersl scceleratlonss. At this
time, alsn, the pendulum comes to hang in line

0B, since that is the position in whlch it iz sub-
Jected to no latersl &cceleration. The 3pé-:nt:lulu:ﬁ
ther indicates the true angle of slip.l

{6) Betwsen these two points {i.e., between the tlme when
the air resistance is negligible and lateral accel-
eretion is a maximum, and the time when the air re-
slatance causes the plens to move at a constant
velocity xithout lsteral scceleration} the pendulum
will hang in & iine QX betwsen QA and OB, end indicate
a deflection from laterel balance which will always
be legs then the true angle. The reading given by
the trace will be (O -L0, where ¢ 18 the angular error.
(O may be anywhere between 04 and 0B, and (.'may have
any valus from O up to the value of=h)

136 It should be' understood that the slip situation shown in Diagrem 5 1s
nolt universsl, and that there will in fact, occur insitances in which
the pendulum indicates the slip sngle immedistely.

In Dlepgram 5, it is assumed thet the slrplane was in perfect lateral
bslance until suddenly overbanked, ard therefure the ilatersl (slip)
velocity was O at the teginning of the elip., In such an instence,

it will be noted, the ectual bank in the allp aituation is greater
than it wag before the 8lip originsted. Another gensral casa Lla cas
in which the actual baak remalns congieni, btut at the mement of origin

of slip, the rate of turn 15 suddenly mede ¥improper®™ for the particuler

actual bank (i.e., is decreased). In this case, the slip velocity
acquires its full value as suddenly &3 the rate of turn ecquires its
naw valus, o that the pendulum indicaiez the true slip engle jmmed-
intely. .

Slips origineting in the latter manner (i.e., by the esteblishment of
an "improper" rete of turn} undoubtedly conmstitute a fairly large pro-
portlon of the total number of slips, and in such instances the pen-

dulum je subject to no leg in indiveting the slip angle. Unfortunately,

however, there is ro satisfactory way to diseriminete such slips from
the perhaps equally large number which result from sudden overbanking,

or the number which result from s combinetion ~f sudden overbankin
and establiskment of an Mimproper® rate of iurn. The record of an%

8lip must therefore be suspected of bteing subject to the above-described

er'ror,
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{7} To summarizg, =8 lowg a3 the latersl ccoelevetion
wiiich accoogpentss a given slip or skid is wuaopposzed,
the givan laterz) pendulem will hang in the vertizal
of the airglene wnd show po deflection. This situ-
eticn cennot be fully reslized in the air, but will
be approximated in the first momenis of a slip result-
ing from sudden overbanking (or a skid resalbing from
sudden underbanking). buriag this initial pericd,
the laterai velocity of the airplane is very low, and
in consequernce thz air-reslztacce to its lateral
metion i¢ negllgible. When the eir.resistonce increases
to & substsntisl quantity, the proper pendulum shows
& deflection toward the wing which is too low. This
deflection 1s not the true angle of slip or skid, until
the air-resistence Increaeses to such a value thet the
lateral veloeity of ine plene is congtant. Then and
only thsn does the deflection of the pendulum indicete
the engle of slip or skid. It then does this directly,
ag it would under stuatie conditions.

(2) It will be noted thst the effects to which the lateral
penduiuir are subject are much the zame ag those to which
the bell of the ordinary ball-buvnk indicator is subject,
since the particuler effects are independent of the
nasses of the pendulum bob and of the ball., A tracs
on one of the lateral lines of the instrument, then, is
analogous tc & curve of the movement of the ball "pleoited®
egeinst time. 337

e T w — .

137 pere are, of course, certuiun diffarences in the effects to which the
pendulums and the ball are subject, owing to differences in damping.
Except for stops placed &l the extremes, ithe pendulums have no damping,
ignoring slight dry friciional factors. The natural frequency of the
pendulums is much higher Uhan thet of the applied acceleration. Conge-
quently, the only errors to which each pendulum is subject in indiceting
the applied acceleration {nuct the slip or skid angle) ave those of vibra-
tion, which may be identifiea on the record and disconunted. The ball
indicator, however, is heavily damped; in meny such instruments ths extent
of this demping excesds the2 critical value. For this reason the ball
will fail to follew any impesed scceleration by an error whoss megnitude
will depend on the frequencies of thet acesleration; slthough the ball will
not be subject to errora of vibreticn. Moreover, the extent of this error
of ingensitiveness to the imporsed acceleration cammot be presuwed to be
negligitle, since ths ball hask indicator ls designed to be s sietic indi-
cator end not for quantitative Qynemic msasurements. A trace on one of the
lateral imbalance lines of the instrument, then, represents a curve of the
movenent of an "ideslized" (i.e., undemped snd ‘herefore mors sensitive)
bell, “plotited® against time, rather than a curve of the wmovement of the
actual ball,
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Thusy the latoral imbslance traces of thse ingtrument
roprasant an objactlive reword of date analogous to
those by which lustructor and pilet appraise the ax=
tent and imporiencs of lateral imbalancge.

(9) If, nowever, the magnitude of the ebovee-desoribsd ervor
@ore nagligible, f.8., 1f the helght of a given tizee
st s glven polnt reprepented the angular magnituds of
8lip or skid; further gquantitative troatmeni could alao
be mads of the dsta afforded by the traces. Ubvicusly,
the dets may bde quantifisd as they stand by messuring
in the arbitrary chart units the extent of motion of
the pondulums from zere pesition, Juantifying the data
by meesuring tho angular magnituds of the slipa and sklds
¥ould increoase the scops 0of quantliative treatment, how-
sver,

{10} It is importan® to oote that the ebove-described error,
whep pressent, mist mlways be a negative error. That
is, the perdulum cen never show & deflsction grester
than the actual angle of slip or skid, although it may
show & derflection which is legs. Likewlse, a positive
trece on one of the lateral ilmbalance lines must indicste
that the particular wing was low, although the sbsence
of & positive trece on either line does not necessarily
indlcate thet no slipping or skidding had oceurred.
{The engular magnitude and duration of the slip or skid
might have beean so slight that the eir resistence built
‘up was negligible; hence ngo positive irace occurred.)
It would appear thet the latier defect is not serious,
and that eny slip or skid which is 3o slight snd so short
thet no trace is produced may be safely ignored.

2. Extenl of errcr of the latersl pendulums in showing slip or skid
angle

Two methods of examining ihe errorllisscribed in the preceding sece
tion will he considerad hers: HMethod (I} -- Calculstion of correc-
tions to be applied te the instrument record to give true slip or
skid angle; end Method (II) -- Demonstration thet 4he record error
aiter a time, t, is less than some specified angle when the plane 1is
subjected to 8 constant slip or skid angle at any given bank engle.

a. {1) Unfortunately, to edpress the error as in liethod (I}
roquires a knowledge cof the time history of the itrue
slip or skid angls, and this knowledge cannot be derived
from tne present dete.

13814 should be understood that this error is theoretically inherent in this
type of instrument and does not result from en improper construction.

[T W ARRRE LY
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{2} HMorecver, the indicated wegnitude of a given slip or
gkid cwnzot be made to show the trus megnitude by
adding & correction which would be &pplicuble to gll
readings of the same indicated magnituds. Soms of the
indicated magnitudes would b correct readings {See
footnote, pagol38)sthe remainder would be erroneous
by varving emounts, despending in part on the trus
magnitude of the slip (or skid), the time elapsed since
ite origin; snd the corrective movemsnts of the pilot.

{3) The practical consequencas of this situsticn is that the
lateral imbaiance traces cennot be dynamizally calibrated
by such e process 88; €.g., compering records of the
instruument with simulianaous records made by mesns of
a gyroscopic deviece and derlving & get of gensrzl valuea
to correct the instrumental readings. There 1s no such
set of gsnerally applicable corrscticn velues.139

Bach individval recding would heve to be corrected in-
dividually.

b (1) iethed II -~ i.e., to deteraine, for varlous slip and
benk sngles, the time within which the pendulum will
show the slip angle minus en arblirarily specified
"negligible®™ error -— i3 obvicusly the more practlcal
nmethod of dealing with the error. If it were found, for
exanmple, thst the pendulum sttainsd & large proporiiom
of its finel readings within a very shori time, the
error might be regsrded as negligible. O, if situvations
could te identified in which the errer were excessive,
and nthers in which the error werc negligible, the psan-
dulun wight be employed to show slip or =kid sngls in
certaln situations cnly, in sccordance with this know.
Jedge a

139 The range of the tiwe lag of the pendulum in varicus situstions might
be determined empiricelly, however. Soce pagss 187-188,

140 The time within which the pendulum atteins sn epproximately true indi~
cation of siip sngle depende on the rate &t which the eir«resisiance
op the side-surfacs lg bulli vp to overcome the lateral accelsrating
of the airplane. The rate of incrsase of air resistance varies with
botk the angle of slip end the angle of "proper® benk {that angle at

:hic? the wings would bs preperly balenced for the particular rate of
urn).
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To tietermina the magnitude of the time "laeg"™ in various
situaticns by calculation, however, requires the use
of formules which contain empiricsl constants refer-
ring to the serodynamic cheracteristics of the slde
surface (the fuselsgse) of the test esirplane. These
empiricel constants are noi evellsble, since they are
not customarily deteraised in the testing cf airplane
types. Approximetions of these conatsnts might, how-
ever, be employed for rough estimates of the btime re-
quired for the pendvium to reech e satisfaclorily ac-
curaste resding in various situstions.

Empirical deternination of the magnitude of the time
leg is also possible. The following is an ocutline of
& method for such empiriecal determinations:

(e)

(b)

(c)

(d)

An expert pllot would be required to execute a
geries of slips from the mttitude of level flight.
Each siip would be held at ag nearly constant &
nagnitude as possible, but slips over & range of
magnitudes would be recorded with the R-0 Ride
Hecorder.

A% a given moment, which wauld bz noted on the
record by 2 signal marker, the pllot would bank

“suddenly and meinteain the desired inclination of

the winga to the aorizon while using rudder to
prevent turning. The eirplane would be heid

in this attitude until several seconds aftor the
ball-benk Iindicetor had reached its finml position,
at which time ths pilot would reassume level
flight.

From the R-5 record the time required for the slip
trace to reach its final height {or its final
height with an arbitrarily specified ™negligible®

error; could then bz Astermined for elips of varlous

magnitudes; and an estimute of the magnitude of the
time ®lagh" in the pendulum could be derived,

This procedure would, of course, require fine co-
ordination on tne pert of the pilot, particularly

in the maintenance of & straight course and in pre-

venting steepening of the sestablished =lip angle.
To determinz whether the pilot prevanted turning
end whether the respective slip angles remained
congtant, simulianecus motion photographs might be
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mads of an artifieial} horiaonl*lgnd turn indlentor,

{4) Ths above method 13 ths formaiizevion of » method out-
liced by Professcr David L. Webster. Professors Febater
tentatively estinstes from rough dreliminsry tesis em-
ploy¢mg direc® observation of the bali-benk indicetor
snd using a poc ket walch for timing, that the ball-besux
indicstor reaches 30% of its fizal readings within &
maxinum of two tc five ssconds.i4?

3. To summarize hhe capnbilities of the latersl imhalance tracess

8. 'They will show the asngle of slip or skid under dynesic condi-
tiong only with a tive lag of unknown magnitude. ldoreover,
this jeg varies »ith the slip engie and the ®proper® hank,
go thet it i3 not constant in 2ll situstiona. It weoulid not,
therefore, bes possible ito synchronlze the lateral jnbslisnce
iraces with the other treces by the determinetion of & single
velus of thig lag, tc be applied in reading the chari.

Y, During bhe pericd of lag, the apgular error in the trece of
a given slip or skid eay vary from s negligible finite amount
to approximataly the full true mapnitude of ths 31lip or skid.
keedings of siip or skid tsken during the period of lag will,
therefore; have wvarying amounts of errcor. I% seams likely,
from the rough estimates cited above, however, that the time
lag does not exceed several seconds ia any case. It mighti,
therefore, be swpected that gverapges of readings of slip uver
g pevicd of time might epproximate the true angulay avsrege
fairlf claosely, eapecially in casss of prolonged slipping

— =t - Lok WRIIRT
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The artificiel horiscr shows directly the angle of inclinetiion of
the wings to the hosizon, ard thus whep the wings sve benked with-
out turning, shows dirsetly the angle of sllip.

Erpleying ag cmstants spproximetlicns suggested by Mr. R. 4. MzConnell,
formerly physiclst at the Aireruft Materials Laboratory, Philadelphia
New:r Yerd, the srlter caleuslated, for Fproper® bank sngles of 21° and
600, respectively, the time within which the pendulum would show siip
angles ranging Trom 19 Lo 14° with angulaer errors of 19, 20, and 39,
respectively. In each casge, the slip engle was assumned %o be nald
conatant. Cousidering 30 ac en sceeptable "negligible™ evrror, the
caleulationas showed thet in 811l fhe above cuses, the penduium reached
an accepiably aceurate reading within a renge of 6-]0 seconds. UOwirg
tc the lzck of e suiteble mpproximation for une comsient, however, iths
formulas saployed feiled to teke account of the compenent of force on
the side surface »f the sirplane due to the forward veloelty of the
airplene, and the calculated times are consequently considersbly overw
valued 2
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¢, Becauzz the amount of error zay vary, &nd because traces
of equal neight mey represent warious velues of slip or
skid, a dynemic celibrstion of the pendulums in terms
of £lip snd skid sngle is impossible.

d. In the sbaence of definitive tests of the magnitucde of the
time lag of the pendulums in showing slip or skid angle,
the more conservative procedurs would seem to be tu regerd
such errors as excessive. A positive trace on either
line, however, may be regarded for pructical purposes,
as & curve of the devietion, during a slip or skid, of
the ball of the bell-bzpk irdicetor from its midposifion,
"plotted" ageinst time. Viewed in this manner; the traces
may be quantified by means of en arbitrary scale, and may
otherwise be treated as & datum commonly used by iastructar
and student 1o appraise the extent and imporitance of lsteral
imbslance: namely, the deviabion of the bail from its cen-
ter position.

Diffieulty in xe

The oply difficulty encountered in cbtaining readings of latersl
imbalance from the chart iz the occaslonsl presence of vibretions
traces. These are eagily identified and discounted. The solid
dgpike® traces seen on several of the plates are examples: Sge
sgpeclally the left-wing-low line, Plateg Ia, lb, and II. Other
examples are ssen in the traces on the right-wing-low line of
Platag IVe eand J¥f, 1n which a slight vibratior® trece is super-
posed on the slip trace.. The ampliitude of these vibratiom traces
is always much less than that of the vibrations traces of the load
factor iine, except in the case of tarilng.

A1 - THE PITCH~ARD-LONGITUDINAL-ACCELERATION TRACE

The piltch-and-longitudinel-accelerution trece, it will be recelled, is
producec by a stylus attuched to an undumped pendulum fres to move
ouly in lhs longitudinal plene.

A.

This pendulum 1s subject to st leest tec effects:

l. A suaden change in the longitudinsl pitch of the airplane
causee the pendulum bob Yo move relative to the longltud-
inal axis elther forward or backward. Ralsing the nose
of the airplane causes relative backward motion of the
pendulua bob; lowering the nose of the sirplene cauges
reletive forward motion of ths bob. Nosing up tends to
produce &n upwerd truce on the chart; nosing down, a
downwerd trace. -

2. Positive longitudinal acceleration causes the penduium
bob. t¢ move backwerd, tending to produce an upward trece;

Sy,
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nezetive longitudinel acceleration (longitudinal decelera-
ticn) cauzes the bob to move forward, tending to prodvce
o domwerd trace.

3

The trece actuelly produced representis tiw slgebreic sum of the iwe
ef'fects of longitudinal acceleratinn and sudden change in longibul-
inel pitch. Noreover, 1t wili be noted, in meny sitvwsions these
two effecta oceur in conjunciion, end will tend to cencel each other
in the recorasd trace; for, ususlly, nosing down is accumpanied by
positlve longitudinal aceelesation and nosing up is acooempanied by
negative longitudinel acceleration,

-
b=
L]

0. Unlesa the wagnitude of one of bhese {wo effects is imown, the
pagnitude of the other cunnst be known., Since there are ro data
at hend which can be utilitned to give the smgnitude of eitner effect,
nglther cen be isolated. Horegver, in view of the facts that the
trace is not explicit e toc either effect; and that the effects will
ordinerily partially offsef escn other in the itracs, little memaing-
ful use can te made of this trace in connection with eitbher guanti-
tetive or qualitetive avalysis of the elementary msnsuvers gontzired
in Stannara Flighiz A and CL.

D. Tt has been suggeshtsd by the Hsrvurd investigetion that the trace
ey be-ugseful in ldentifying certsin acrggstic maneuvers by supply-
ing elements in a cherscteristic pattern: ? The resulis of the pre-
Jlminery investigation carried om st Tulane University incicate that
the trace is of relstively slight value In identifying the elementary
maneuvers recorded in thase records.léé

IV - TEACES FOR RECORDING CONTROL MOVEMENTS

&, Nobt shown on any of ihe plates is & trace indicating ailsron move~
mente, which, if present, would Lie in sbout the center of the
chart, and & trace indicating rudcer mevements, which would lie
below the pitch-end-longitudinel-scceleration irece et the hottom
of the churt, The conirol movements recording systems of the Ride
fecordar were discarded in ibe first week at the field in this study,
naving been judsed to be leg3s desireble than the Friez Cable Gon-
trol Recordar, which was ther instellad and employed in conjunziicn
with the Ride Recorder.

B, The contrcl movemsnis recoraing systems were electricul, snd operated
by mesne of switches s¢ pleced that & circuit was mads when the par-

-

143IMcFarland9 ReA. and Holway, L. H, op. cit.

184 The pitch-snd-longitudinel-scceleration trace js useful in idenbifying
glidex, stalls, and take-offs. CSe= Exhibit I, peges 143<34%,
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ticutur control wes zowsu wut of the neutral rangeal’gEach of
the traces was produced by & stylus attached to the armeture cof
& uouble solenoid magnet which deflected the armature in one
direction when the left switch was closed and in the other when
the right switch wes closed. Thus, each trace indiceted the

" perticulsr aside of neutral to which the contrel was moved.

€. Neither trece, howsver, gave an irdicaticn of the extant of the .
eontrol movement; neither recordad all movexents; and neither L
indicated the direction of all movements; (for the perticular &
contrel might be, #.g., tc the left of ngutral and might be mov-
ing tc the right, yet untly it reached the no~contect point, the
direction of movement would nol he indicated.] The traces were, .
in fact, signal traces indicating only the particular range with- B
in which the control was held.

This situation indicates ne fault in comstruction, for the non-
trol movemenis rscording systems were designed only for this pur- -
pose. The primary object of their inclusion wes to identify the

direction of turns, so tihet it might be known whether given posi- b4
tive traces on the wing-lew lines represented slipping or slc:i.t.io:ling.]-“’6 :

L. The switch systems, zpart from the deficiencies in the form of
informaticn they were not designed to shew, were found st the fleld
to be somewhat unsatisfuctory owing to diffieculty in obtaining a
good &djustment of %he neutral range. This range was undesirably
large., Either ngtrol might be moved ssverel lnches to esither
gide of neutral before contuct was made with the switch. Thus,
even in fuirly steep turns, the traces might aot indlcate that
eithsr control had been moved away from neutral. In the lizht cof
information provided by inspection of the Friez Cable Control
Recorder records, this situstion is not surprising; for ceontrol
wovemsnts ia most of the eiemeniury meneuvers are in the wein sub-

145 The newer Hedhed Flight Recordera (Models A-2 and A-~3) employ mechenicsl
. ceble systems for recording control movements. The chert has been
widened o sccommodste the three traces. Model 4-2 was employed in
the Harvard project. Photographs of the instrument and chart are to
be Included in the Introduction to the report of that project (McFar-
iend, R. A., snd Holway, A. H., op.cit.)

140 1t was found, however, that even with the use of the supericr Friesz 3
Ceble Control hecorder, it was impossible to identify the-direction :
of many turns becauas the initlsting rudder and aileron movements
were frequentiy indistinguishable from correchive movements, which may
be in either direction. See Exhibit I, page 140,

A Pistreanitne neutrall-~i.e,, determined on the ground. USee page 203 .
of tnis Supplemental Report. ) }

"y oeaw
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sumed by e comparatively small renge on either side of necutral. 148

Y - DEFICIENCIES OF A DIFFEGENT TYPE149

The previcus discussion has besn conflned to the cepsbilities and defic-
iencies cof those deviges whiclh the E~S Ride Hecorder actually emnodies.
Niothing hes been seid of the desirability of obizining several other
data not supplisd &t ell by the imstrument.

Apart from the incapsbilities of wseveral of the recording units, the
date supplied by the lnstrument are incomplete, for even a complete
record of the attltude of the airplane would not be sufficient for a
convenient evaluation of the performence. Records of at least twe fur-
ther items seem desirable: sairspeed and altituds.

The alrspeed record would be useful in w'Ry aituaticns, perbaps rost
notebly so in the cases of climbs, glides, climbing turns, end gliding
turns. In these maneuversg, the airzpesd is the conventional f{and the
mos% convenient) indicator of the pilot's meintenance of tne proper
climbing and gliding angle.

A record of absolute sltitude, or of changes in altitude reletive to e
given altitude,would psrhaps be even more directly spplicedbls. Such a
record could provide definite and presumably quantitative information

ebout a very important aspect of pilot performance.

VI - RECOMMENDATIONS FOR THE USE OF THE R~0 RIDE RECOHRDER

The following discussion is an outline of suggestions for the use of the
R-S Ride Recorder growing out of the experience of the present project.

L. Synchronization of the tresces

1. In order to synchronize thz traces of the R-5 Ride Hecorder
chart, it is necessary to empioy & transparent synchronizing
scale. A vertical line down the chart will not intersect all
traces &t chart positions representing the same point in time.
This situation zrises ia pert from the Tact that the styluses are
constraired to move in ares rather then vertically to their
base-lines, and in part from the fact that the position of each
attitude-recording stylus at its base-line does naot fall into the
same vertical line as the positicon of the signal siylus at its
base-line. (It was ilmpracticel %o adjust the signal gtylus so
thaet 1ts position at ite bese-lins would be in the same vertical
line &s the positions of the other siyluses al their respective
base-lines. The space betwsen the possible extreme excursion

14B3ee page 201cf this Supplementsl Report.

1495ae slsc page 205of this Supplerentel Report.
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of the ioad factor stylus and the signal bsse-line i1z so
srall that in certain situations the styluses would touch.)

Synclhrronizatlon is easily effected mechanically by the use
of a transparent scels, constructed as follows: With the
chert st rest, each of the systems is opercted by hand to
cbtain & complete excursion of the corresponding reccrding
stylus. The record thus obiained represents ell possible
poditions of each trace with respect to the other Lraces

at the sume instent. This record, inciuding the hsse-line
of each trace, mey %then he reproduced on a piece of catalin
plastic, to provide the shove-menticaed scale. 4s each arc
ot ths scale represenvs ell possihle positions of the parti-
cular wrace with respect to the other braces at the zame
tiae, if the scuie be laid on & record such that the scale
basa-lines are aligned with the chart base-lines, scaie arcs
will intersect their respective chart iraces at tne positions
they occupled at the seme instant.

In view of the similarity of the recordlng systems, possible
differential lag among the systems may be safely assumed to
be negligibie. The trausperent scale, then, which is direcily
designed to provide synchronizstion of lrsces, also provides
synchrontzetion of the recorded effecis.

The magrnitude of the error which it is possible to incur by
simply "ruling down" the chart ig illustrated in Plete IJ.

A verticsl dotted line hss bean dropped from signel 6. The
barred srcs indicate the true beginning of the maneuver,

Thls error may not at first glence appesr large; but it must
not be considered simply in terms of horizontal chart length,
rather,;in terms of time. The position of the signal stylus at
ita bage-line is 0,10 inch chart left of the position of ths
other styluses &t their respective bage-lines. This chart
error corresponds to a time error of 4 sec, at the particuliar
puper speed emoloyed (1-1/% inches per minute). The pure arcing
ervor is alightly less, Lrsesiic chusnges in flisbhi attitude
could ocecur within the gpece of 4 ssc.

The relative magnitude of thia possibvle error iz, cf course,
decreased as the paper speed 1s increamsed. Even a2t a peper
speed of & inches per minute, however, it would amount to 1
sac,

In certain uses of the recocrds, such as guslitative rating of
performances by direebt inspeciion, 1ittie use will be made of
this seale., Tor example, i3 order to derive the seven guali-
tetive items congidersd significant in the Sample Qualitative
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snalysis of vight 0% puwer tiurns, 2903t is recessary to use
the scele only to detersine the beginning snd end of the
manenvar for each tracze by synchr%gizing each trase witn
the inliisl end terminsl signal)wlal Ity vee is necessary
only when & wore accurate synehromizatiosn of traces is de-
sired than van be obtajiced by simple direct inspection.

Yo & giailar scwle, however, is imperative for meking svachroncus
fine measurements hy mesns of projecting the records, its
dlse being determined by tue particular megrificebtion chosen
for projection. 1t may be constructed by projecting the
abcve~described record ontu a suitable piece of plastic at
the desired megnificution end repreducing the magﬁ%fied images
of the traces ard bthe bade-lines on the plasitic,™

E. Paper spsed

Selecticn of a suitable paper speoed will be governed by the fineness
of the analysis to whkich the records sre to be subjected; the chnaracter
of the siznalling system, ard considerations of administration.

1. At even the low paper spesd of 13 inches per minvkte, the rescrd
of a 30=-minute flight - ellowing o suitable length of churd
for ssperation of subjeocto' reaords, ldemtlfieation, and removel
-~ is 4 foet and geveral imoheg long. If a fairly large number
of recsords are to b asowulated, thelr bullk must ba considered.
In Hhe netusl examinaticn of a given flight recerd, it is rarely
desirable te cut 1% ani handle it in emall gections. 4lso, the
aoat of the peper 15 to be aonsildersd.

Z. Despite these cbjecilong to & high paper speed, it seems desir=
able that the pager spead be at least 6 inches per minute and
perheps even grester. F¥First emong the edvantsges of & higher
paper speed is the poszibllity to reccrd the given effects with
desyn compreszion of detail. This posslbility is of the utmost
imporbance 1f the records ere %o be subjected to a deteiled
an&lysis, for veedings cen then be mads &t smuller time inter-
vals.

R D 1T BRI A0 1 " HET e Dre SR O et AL I R A SN AL 1T W O LU et S el

15082 Purt I of the main pepori, ptyes 21=23.

i51Proviced that benk items sre derived, as recommended {page 168 of this
Suppleaental Hepart), from wis Yproper? benk,

1525uch a scale was used in making the qusntitative readings of power
waras in the Sample Quantitetive Anolysis.



Some iotion of the smount of this compression &t a paper speed
of 1% inches per minute may be dsrived from the varicus pletes,
which are full-size. Fach turn is 1ongex than 30 seconds ung
several exceed one minute. The 720 turn was one of the longssk:
naneuvers included in the elementary course,l3 Such maneuvers
as 90° medium turus, take-off rum, and 90° glidirg turns mey
require nc longer then 10 seconds for execution. Ten seconds
zorregpopde to & chart length of } inch at e paper speed of 13
inches per m'nute, a chart length of } inch at & rets of 3 inchss
per minuts, and a chart length of 1 inch at & peps. spsed of &
inches per minute.

3. Another edvantags is the reduction of the error in making time
meagurements {niong the chart horizontel). At an increassd paper
speed, given errcrs (in terms of horizomtal chart length} in set-
ting off the intervals at which resdings are taken reprecent
smaller time errors. This is true whethe the records ars measured
or examined directly, or by projzction.’

4. Ancther advantage which alone would justify a fairly high paper
speed ls tha facllitatiom of accurste and adequate siznelling.
This peoint is discussed mors fully under the next heading.

C. Sji 1 T duyre

1. Signals mey serve any oy 2}l of three functions: identification
of the aeneuver, identification of the points et which it begins
end ends, and greding of the performence by the instructor.

2. Simpliecity in the code is desirable not only for the sake of eage
in wemorizing it, but also for the seke of convenience in the
actual process of asignalling, espeuially iff ths papar speed 1s
low. Even & fairly simple gystem of signals is difficult to use
at a paper speed of 1% inches per minute, because the signel kay
mist be relsessed for neeriy a second between dots or dashes for
them to te discriminasted as sepersies.

In the Tulans stucdy, a feirly simple code {shown on page 196) was
found to e unwieldy at this paper spsed even for the instructor

373 3607 turns havs recently been substituted for 720° turns in the C.P.T.
course.

25% 1 i3 to be noted that an incraase in paper speed will meke no difference
in the relative error of measurenment of yertical chart distance. It is
primarily for this reason that the records must be projected for accurats
fine measurements, no matter what paper speed ig vaed.
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CUDE _OF SI3WALS
Grannge A grnde is 9lgnnlled only affter a etudent performance,

A grads should be elgnalled after teks-off and 1anding.‘ and after all
manauvere celled for and signslled as beslow,

o & » Very good performance for student at present stage.
"~ (dot, dot, dot)

s @ Setisfaotory performends for student at present stage.
(dot s dot)

" Poor performanas for siudent at pressnt etage.
(dot )

¥aneuvers.

- Straight and level flight. (daah)

- Hedium horizontal turn, (dash, dash)

m—e Steep horizontal turn. (dmsh, dash, dash)

= s Climb, stratghts (dash, dot)

- . Slimbing turn.  {(dash, dot, dot)

.- IGlida, straight . (dot, daeh)

s = Gliding turn. {dot, dot, dash)

-, = Stall, (dash, dot, dash)

e ™ o S5pin. {dot, dash. dot)

=a Figure eight, msdlum bank. (dash, dash, dot )

mw g g Figure eight, steep bank. (dash, dash, dois dot)

Zpatrugtor Hendline Flage

Pricr to donstrs)xtion of corract maneuvers signal for mansuver. (No grading
signal,

Demonstration of incorrect mansuvsr amd emorpency, no signals at all,
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acconpanying the svuderé piiot. Soleing students, who wers IR

provided mith a4 signalling vush-button insertad into the
resr 8hick, naturally experiencsd even greater difficuliy.
Yet, if th2 instrument is to be used in the primary course
in any other way than obteining records of a pre-arrspged
couree, l.e., & standerd flight, some feasible mesns of
identifying the maneuvsrs nust be found, for many of the
2lonentary mansuvers produce no characterisiic individual
pattern on the record,i '

A f2irly high psper spesd will help arently in this connea-
tden,

Yo & further aid in providing a workabls code weuld be to omlt
identification slgaalis for thoso elementary mansuvere whioh
do produce a charactsristic pattern on the records (stalls,
aplaa, stesp turns} and huve thess marked only with & single
dot or dzah at the beginuleg and end.

4, The difficulty of complexity of signals, sz indicated in
Bxhibdt i, pagellO,done not arlse in the cese of standerd
flights, for the order of mansuvery iz pre-srranged and it
ie therefors nol necessary %o ideutify them by spacsifie
charaoterictic eignuls. All 5hat 4s needed for idsntification
+2 9 8lgnal indiczating the beginning of ths maneuver, Since

oue mansuver 13 lowmedlataly succeaded by ancthar, the initial -

slgnal of 3 suscesding wareuvor gerves alsc as the final signel
of the precading mansuver.

5. Tho need of Aanitiml and torminal vignals in ordsr to mske a
detniled enmlysin of the records arises from two considera=
tiones The firgt is the leok of distiactive individual pattsrna -
in the cass of some of the alemsntary mareuvers, meationed
above. Tha saedend is e ovnelderation of experimental technique,
Even An the cese of those maneuvsrs which do prement e charao-
terisilo record pattern, the exect baginning sad end of the
maneuvor cennct be discriminated by meanz of the attitude iraces.
if 1t 19 desired 1o conslder in the mnalysis thoae sactiona of
the maneuver in the vielnity of its begimning and end, -= i.e.,
the antry sod the recovory, clgnale are empecisily needed.

]

Xt ig dmportani to nots that in Investigations of coordination
of pllot respones ths reserd of ocontrol movementa csnnot be

o St

155 For exampies a record of a sballow turn of a benk lees than 219, whisk
is the approximate lower asirsme cf “proper”® hank derivable from the
ingtrunant s cannot be dlatinguished frow the reocrds of straight and
lovel flight, climbas, or shallow climbing turns. Jee Exhibit I, pages 146-147,
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wtilized for this purpsee. For axemple: with reforence to fiight
attitude, u turn begina only efter ihe sirnlans depirts Ifrom
gtraight flight. #ith reference to pllo% regpovse, however, the
enbry to a turn bogine whon the pllot mukee the Ilrat control ed-
justment preperaisry to the turn, Thle aijustmenlt wizht be any
adjuatmend oy combinnilon of aldjustuents, depeniing oa tha £lipht
pltuatior end nlse on ths pllot., Thumy i¥ it ig desired %o sowpers
pilete’ methode of monlpualeting tne combrols during the sntry to

a turny 4o utillze the rscsrd of contrsol movements 1o indlcate the
baginning of the mansuver g cbriously bapgging tha oueatlun,

6. PFlate II illuetratss possible embiguitlen arising from ths laek
of zn iniliisl and final elznsl o1 & mansuver. The left turn,
Manauver 6, is fully dallimitsd by sioeale. The vight turn hae
nelther en initial or Heorminal eigaml, owing to 2 failvre of the
dry osil. Although the ildentity of tho waneuwver ia kocwn booauvge
the ordsr was pra-arrang%d,l56 its emnet end end bepinning ars nsie
The sesumsd inltisl and tarwminal polats ers glvan by the arves on
whish are supeorpcead emall oirclos. The pooeible error in the Ince
of the beginrlag volint is momevhat lems than in the cass of the
fine) poaint. Ths beygluning polnt muzt Lie bpstwesn the dnatial
aignal for Yaneuvsr 7 (ehort wpiraight and lavel regovery £light}
and the noxt pusifive trice om the load frcslor Llina., In the case
of the end point, howoever, the retura of the lond Lactor Ltrace %2
the base«line dges nat negessarldly imdicemts & rebtura o level agti-
tude, since tha plane might uiill have & back of about LB t¢ 209,
althcugh the trage had returasd to ths baze=line, cr go naa A3 that
a positive trass would he indiscrimineble. Furdihermove, & posliivs
trace of load factor sppsers a few souondz later. This seation
might well be purt of the turn. The sslssiad peinl cecmed mors
likely to be the end than a leter polnit, nowever, coneldering asv=-
aral clusat tha lengih of time the losd factor trace wae on the
bage=-lina, the lenghh of tho mansuver, sssunirg eagh likeiy teraline
ating peint, and the fact thet the plich-and=lusgltudinal-sgcalera=
tion tracs givss en indicatlon of a pglide shortliy affer the mslacted
terminal point.157 Chyiously, the aelecled podnt 4o revsrihslsas
very dubloua.

To S5ignals sre liabkle fto arror as indicaters of the true initisl and
terminal pointe of & meuruver, FThether thoso polnty bo defined

156 ho mensuver could by identlfied se s stesp turn without this knowledge,
but ife direstion would not be knowa,

157 In the susseeding {rameitlon maneuvser, ihe subject waa reguired to re-
duce altitude to that suitebl: for sxemmting medivm=-bankad figure B's,
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with refarsnee tc¢ fiight attitude or piloct responss, cinces

{a)} &ignals must be wads by an odbserver, and

, (b} The observer hes ic¢ make n judgment as to thome poinis. 3
Such Judgmente on the pert of the signeller are diffi-
cult to make, and it is yrobably ms unjustifiable to
corsider such judgments "true" points as to detsrmins
the pointa from rsgerds of control movemenis.

Al MR

I4 would therefore seem wiss to avoid, insofar as poasible, the
introduction of =n observer's judguent into the eignalling pro-
codure, For sxemple, in the standard flight racorde taksen in
this study, the slgnals represent anly the polnt immediately fol~
lowing the administaring instructor’s direction to the subject

4o axsoute the|mansuverj the ilnstructar called for the required
maneuver end immedistely afterward pressed the signal key. dven
with this nchems, howevsr, the fastor of observer's judgment le
not entirely eliminated, for the obeorver c¢can glve directions for
the succesding mansuver omly when, in his judgmemt, the end of
the curront meneuysr has bean reached. Thue, =6 esach signal i»s 3
teksn to represant a begimning point, the faotor of observer's 1t
judgment does not eator) as it ig taken to reprsasent e terminating
point, the cbserver's judgment is imvelved.
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1. Ope revigion of ihe chart of ths R~3 Ride Regorder would be highly -
desirable if it wers tc be amployed in the sotual task of training. :
The soals of the luad factor irace would eerve certmin purposes
wottar 1f it were gradusted ko showy, not load factor values in g,
but the angle of "proper™ banx in degrees, To derive the "proper”
benk from the lead factor wvalues is hoth trcublemome and unnecessaty
in viaw of the faoct that such = zcale is entirely feasible. JSugh
a revision 1s aimost impsrative if the inatrument is to be used dy
en insiructor unfemiliar with iis crharacteristics to derive 1infor- ;
meiion about studsaia® performance with respect to benk. 5

2, The load facter trace has, of courss, wseB other than Lo supply data
for derivation of the "proper™ bauk. A scale of "proper"” bank valves
would De entirely imepplicable in the cass of a stell or a spin. In
%the cage of these maneuvare, however, as indicatsad on page 158
there seems tu be little need for derlving the actuel velus of the
load lzposad on the airplene, Weasurement of thie trace, in the gase B
of the slementery mansuvers at leust, will ordinarily be confined to '
megeurspont direstsd toward obtaining bank waijues, A dual scale
showing both walucs of “proper" bank and veluss of Joad factor ig
an alternetlve possibility, provided the ohart gpage by incressed.
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v Ibe acbosi o @natrentlen ol sueh e wvals wouid, of enurss. capend
1;0 th in;tial Lanaoor of dhe rvedreining epring of Lhae nocel-
orgasber A meel2 of “preper bass for an ascelsromeier anving

B spr*ng of indttel tenzion ol 1,07 g w115 aiffer from asuch a
geale for a1 acaaslerwnener having & spitag cf initial f:znslon of,
say. 1.2% or L¢51lﬂg‘>&

£. FEgoommendatlions for inetemllation ard field uss

-Rocommendations Tor inatallistion urs providad by the verufacsturer.
severnl Iems arielug out of expariencs on Lthe prasent project; howe
evars night be 1aluatls {0 rsoord,

As  dgsarance thet the lnstrurent ia lsvel with rvspsct toc the air-
plene’s trensvarge norizontal ia the most difficuls pert of the
installatici. 1t is important to romember that the lsvel providad

. on the instrument w11l indicat4 true leval end not lavel with ko
airplans's norizontal. For this reason the airplans itself must
he on a level eurface et the tlue of the icstallation.

2. The usas of » spange rubber cushicn bsneath the instrument is recome
agnded in crder 1o leesen the sxtent 0oF shocks and wibrations
Lreupdfsd to it. Trees will inevitably bo zomewhat larger “han
demireblo tasanes the atinohment at tha side plsses mugt be rigld.

3s In “he case ¢f the RS hlde Resordsr {old model) it mey bes found
posalble tc uwee ore of the controlerrecording sclenuid koys as a
signal key in place of the wigwal marksp, 1f the contreols~=rscorle
ing aystem is wot to be ecmploved. Thess keys work bteth warys from
the base-iine, ane & signsllilug cods will thereby be mads ocasier
then bY plesing sntire dependence on the gingle-sgting eignsl
markers

e

159 The initial tension of the poring wlll, of cuurse, depend upon ®hat ranges
of load faoctor ora wishes 49 recoed. In the caas of elomentery mansuisrg,
s range of =10 « =2.0 g would sssm to he ample. This value allows $ae
vecarding 2f loed facltor sercempondliag w3 & range of banks {rom 0% to S0°,
This range ¥ould 3cem to Include nesrly all slgniflcant bank veluss.
Higher velusn of %iaes will ordilmarily be nusd oniy to record lead factor
goourring in moncavere whose hanks could nol be determined from the iratru-
mest s vin.y woretaties,
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DIVLSION B

§HS FAled CABLE GONTROL ARCORDEE

The Frisz Cable Control Hsesrder chart (not shown iv sny plate) is
plain white paper, 7 and 5/i6 inches wide. Tho insirument hes four
reszgcding caplllary psost a sigoal merker and one esch for the
allargn, 2levator, wnd rudder. HMNovements of s comtrol are tranage-
mitted to a pen ss follows: w sbring cable atiachsd to the comirel
novae a apring-restreined resl which in jurn tronsmite the netion
e the lever opsrating the pen. sSash controls troce shows the
megnitade and nomber of somirol movemerts in linwur faghicn.

Tre prevording pendy as the recording styluess of the R-$ Ride Recordsr,
dsgoribe aren. These records ars thus aleo subject to an arocing

8rrory which may be sorrecied moochanloally bv the use of a trensparent
azale conatrucstad in e mannar similar to the construction of the zoale
for the Ae5 ohart. 77In ths snse of the Friez inaglrument . the magnitude
of thla areing error will vary somswhat from installation tc instella~
vieny dapending ou the range of shart utilized by the inetallation,

The range cof any oontrol movsment trace 1s thus limited in praofice,
though the possible rangs is, of course, limitsd by the oomstruction

ef the ingiruzent.

ilI.Sevsral outsbanding deficiencles, all of whioh can be orercome, have

Poen usted in meusl lnspaction of these records,

£, Ths f'ired is concerned with the range of a givan control movemant
trace. II the installetion is such thut the total range of the
movenwent of a given oontrol la to be recorded, the mensitivity
of the trace is uadeairably low in the case of clementary mansu=
velo .

1. itk a few notable exceptious, such a&s taxilng, landing, znd
spirg, axtrems control sdjustiments era yrarsly encountered in
the sage of slemsobory measuvers, Casunl inspectiocn reveals
the groat majority cof conirel adjustments to lie within the
middle third of the range, snd a large portion of thess to
lie within the middle fifih. If the totul renge of movement
of emch control is recordad, the ohart range occupied by the
widdle Iifth of the totel range of movement is too small for
ascurate disorimismtion and measuremen’ of thege fine move=
mentn,

159 o pagenlfi=194ef thls Supplemental Heport.
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2; Tho imsiallation mey be srranged,; howaver,; guch thet
the total range of the movemsut of & glven occentrol iz not
racordedy and the affective ohari_range is deveted to Lhe
miidle ssetion of the range of eentrsl movamenit, Such an
arrangenont eould be effacted in the follswing manusrs
The cable would be attached to » positlon on the pertiou~
ler sonlrsl suoh that the emtire rengs of movement would
not be regsorded. A gnring would now be included in the
oable eystom of such tension that it would ni% ke stratohed
until the pen had resched the ohart extroms, 0

3. In some alrpleres, it may not be Uesaible to atiech ths cadbls
at suchk & point on the control that its rangs »f movement
will se grester than {or me graet as) ths rengd which the
inatrument can record, This situstion may be encountsred
partiouiarly 1in the slevator attachment in stlsk~iype air«
plunes. The slevator cable must be atimeched at Lhe hottom
of the stick, for otherwlae the elavator revcrd would inecluvde
aileron mevements. This poaition of mttachmont will ordinerily
reasult ia & very smell chart range of forasspd=sft stick
motione In puch instances, a wechanical multlplying device
muet be included im the eystem, Thiz may be true in the
case of doms alrplanes even whon it ia desired to record tha
total rangs of elevaior movenent,

4. 'Tho abpve recoomsndations ars obvlously not %o be ragerded
ax gensral recommendations mppliczole to every usa to he
made of the instruwuent. For some purposea i% may be deeir=
able 19 record the total rangs of movement end ignove fine
moveme:iey for others it msy be dssirabls i¢ record ths
middie range of one or two wonbroly, and tha totel range
of the others or other. It ig doubtful that oven ip en ip-
vortigation of theese slementary menouvers 1t would be deaire
able to preolude Tacorde of the total range of elavaior
wovements, The choloe must be made in the light of the dure
poaes of the ilnvestigation, bearing in mind sthat the mors of
the total renge of movement represasented by th#2 chars rsngs, the
loss 19 the acoursay with ¥hioh fipe mowvemenis cen bhe dim-
eriminated and messursd.

B. The seocond deficienay in the inetrument ia the difiiculty of adjunting

160 pnetner alternative would be adaptation of the imstrumsai for nor~linear
recording; providlag for enlerged trace responss in the viciaity of
nentral and redvced irace regponde in the sxtremes of the range.
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the ingtallsticn guch that & pen will reaord neutra1l6l when the corrsg=
ponding oontrol is in neulral poaliticn. A slight locasening or stireiche

ing of ths oebdls oconnsction will sorve to produce an error in the chart

neutral position me grast as many of the racorded movements.

1, Yhe relefive magnitude of sush an error would, of course, be
reducad By a larger chart rangs.

2. With the pregent chart tales difficulty must bo met meshani-
cally by the inolusion in each cabls system of a devise per-
mitting eesy and froquent adjustwent of chart neutral ¢
etrsamiive gontrol neutral, such as & light turnbucklet®?2
or 2 slip screw at the point of attachment to the oontrol,163

C. In commoajion with this difflouliy mnd with otherss the
obaarvation must be mede that the lac. of & printed chart
given rise to both great swnnoyence and major defielenciss,

ls Even 3f the neutral position ia accurately recorded,; there
is oonaidoerable opportunity for srror in reading it from
& pleln chart., Moasuroment of any sort is remdsred lncon~-
venlent ; whethor of the movement treoes, or of time {(along
the chart horizonmtal),

2, The iaconvenlence in ireatment 1c metched by iroconvenience
al the fleld., Without a ready indication of the langth
of chart remajaing (euoh as that given by the horisontal
gcale of the R=5 Ride Recorder chart), the operator of an
ingtrument in regular ume is oconfronted frequently with
the cholve between deleylng a flight, perhups unnegegsarily,

1617ns neutral spoken of here 1a "siresmline neutral,™ deteruined on the
ground. “Streamline neutrel” positlon of the allerons ie that position
flugh with the wings; of the elevatore, that poeltion in the eeme pleme
ag the etablilizer; and of the rudder, that pesition in the same vertiocsl
plans as the fin. The dynsmig neutral position of each somtrel will
uetally very from its streamline nsutral poeltion, snd will vary from
Time o time with loads air condition,; ete.

162Providad these can be converlently lecated, and the alr ias falrly asmooth,
edjustment to dyngmie neutral position can alsmo bte made ln straight amd
level flight. :

163‘1%6 iattor is the device lncorporated in the comtroel meveuents recording
systems of the new models (A=2 and A=3) of the R=~3 ingtrument.
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to insert a new roll, or preceeding with the hops; perhape
vain, that the amount rbm&%zing w111 L2 aufficiomt to -
reoord the flight period. ““Even . ctation of ths Lime ¢
aach flight and ths estimated amouni of cherh wmetege o=
ar inconvenlant proecedure in iteslf -« did not prevent
guch ocaurrsns’da at ths fleld.

D. While the capillary pens were found to work falrly ®sil end to shand
up undsr wear, this method of rescrding must be prostounced somswhot
inferior to the etylus-pa-wexed-papsr method of the R=3 lnstrumerta.

l; Ome imnsqnvenlenco which w3 magnified undey the asnditicnsz
of iamstruotlion wes the necessity for rofilliug ths irkwalls
and cesceslonelly olesning them.

2, The cpen inkwells are; cof course, iopractleal im reccording
gerinln morobatic maneuvers. Mo diffloulty was experienced
with these in the elsmentary wsnsuvers, however,

3¢ 4 relatively minor fault 123 the widih of the pen tracde itself,
In projection of the recarde it is obJecticnably largs.

IT: In additlon t¢ such reoomrpndationz for fielﬁ uge ag have bean included
in the above disouseion, eeveral iwnclidental facts whlah may be of help
to those vafamillier wiith the instrument ere given telow,.

A, In the cans of the elavalbor and aileron tracez, particvler care must
be oxercissd in selsoiing the pointe on the atlick to which the cables
ars t¢ be attashed, in order te avoid resording movoments of hoth
controls g one trace, In stick-type alrplanas, the olevater cable
ghould bo attaohsed at the beottom of ths atlek. Ths aileron cabls
chould ve attached on or near the U™ arm in whigh the aztisk im pivotsd.
The cable may ordinarily be sttached fairiy high on the atick, =t
laast as high es voeeible without interforing with the freedom of
movement of the pilot, without danger of the trace's being affected
by fore-and-alt motion. 4 togé record mede on the groumd will indi-~
cate whether he imstellation iz estisfactory in this reapect, In
vheol=type alrpleres,; the asables te the lusirument ¥will ordiosrily be
attached to the cableas which lsad from the sontrols to ths sontrol
gurfacsa.

B. The positicn of pulleys in the cable system must be detormined with
ears, in order that the cebls length will not beo affsoted differen~
tially on ihe two rddea of newirasl., Pulley friction should be sz
small as poasibls.

364 5ome of thess plain oharts wers stampsd at the 10 fi, mark with a nobation
indloating that caly 10 ft. of chart were loft. Thls single mnotatlon docs
not getisfaotorily overcoms thie difficulty.
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Buch oare in atteohing the chart to the teke=up roll ia neocessary
in order to avoid foullng of the paper.

Because tho take-~up roll cannct be removed and the shert muet there-~
fore ve unwound in the elrplane, thege records should be removed in
as ghort lengths mep posalible.

Jeveral extra pona should bs kept on hend ao that replasement or
roapalr ¢f defective pens is faciliteted.

Several extra springs for the peons (to adjust pressure on the chart)
are most coavenlent. These springe have a shori life in fleld use
and must bs replaced rethsr frequsntly.

GONSTRUCTION OF AN IMPAOVED CRAPHIC RECORDAR

Out of the experience of the various projesta of the Commities on Jelasticn
and Treining of Alrcraft Pilols wnich have awploysd graphis resorde huve

come varilous regommendations for the dasign end constructiocn of an improved
graphig recorder. These raccomondatlionz are smbodied in a memorandum trans=
mitted to C. 5, Draper,; projeet direstor of the Comnlttes projeot ai the
Yeasachusstts Institute of Teshnolegy for the dealgn snd constiruction of an
improved graphie flight resorder. Thiz memsrendum, prepared %y J. G. Jenkins
gnd M, 5, Vitelies, with the asslstance of Dacar Basiketrom, Jr.; ie atiached

%0 thie 8

lemontel Repori sz Anpendiz Ao



AN ANALYSIS COF GRAPHIC RECQADS OF PILOT FERFORMANGE
OBTAINED BY li.N5 OF THE R=35 RIDE RECORDiIR

SEGTION b

AFPENDIX A

MEMORANDUM TO THE EXECUTIVE SUB-COMMITTEE OF THE COMMITTEE ON
SEIACTION AND PRAINING OF AIRGRAFT PILOTS CONCZRNING
SPECIFIGATIONS FOR AN IMPROVED GRAPHIC REGCRDER

by

Ja G; Jenkins
and

Morris S. Vitsles

{with the assistance of
Oscar Beokatrom, Jr.)

November, 194&
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FROM: I. G. Jenkins December 12, 1941
M. 8. Viteles

10: Executive'Subcommittee = Selectlon and Training of Alrcraft Pllota

SUBJECT: Proposal for a Grephic Recorder

I. In accordsnce with the request of the Executive Bubcommlttes, we
are submitting below reccmmendutions on instructions to be glven to Professor
Draper, M. I. T., with respect to the construction of an improved graphic
recorder. These recommendutions are the outcome of considereble discussion,
in which much assistunce wes rendered by Qscer Backatrom, Jr., formerly of
Tulene Univeralty,; now working with Viteles at the University of Pennsylvanla.

II. These recommendsations agssume that it is necessary to distingulsh
between & graphic recorder designed primarily for "research® and one designed
primerily for "clinilcal® or "fleld" use. In the censtruction of the "resesrch®
instrument, the objective would necesserily be that of building aa instrument
which could supply objective datae sulteble, for detsiled quentitative treatment.
In the conptruction of a "cliniecel® or fileld instrument, the chjectlive would
be that of perfecting an instrument supplying unequlvoeal data op plame atti-
tude and pilot performance, useful to an insiructor, inspector, or reviewing
board, in evaluating flight performsnce and progress during training. The
"clinlcel® or "field"™ instrument would not be expected to furnish data of

the type needed to sctlsfy completely the requiresments of an objective re-
sesrch criterion. 4 "cliinicel® or "field" instrument might, of course, inci-
dentally supply certzin types of quamtitetivs data but, ip the construction
of the instrument, the collection of quuntitative erlterdon dele would be
considered mecondery and the latter would be viewed, when obteineble, as use-
ful and highly uccepteble by-products of an imatrument designed sssentially
for a"ciinical® or "field" instrumenti. Wnere there is a cholce of units, an
effort .would naturally be maede to use those which will both provide dsta
immedlistely useful to the instructor, inapector, ete, and at the seme tims
furnish dats suiteble for detsiled quintiteutive resesreh, but auitebility

for field use would be the prim.ry vbjective in the desigpn endé constructiom
of the instrument.

IIT. It is suggested that the lmmediate needs of C.P.T.P. and of the
services can besi Be met by requesting Professor Draper 1o prepare a graphic
racorder sultable for "clinicel or "fiald® use rather than to undertaxa the
conatruction of & "rasearch" ingirument. PFollowing sre the gererul spezifi-
cations for this proposed grephic recorder:-

1. The instrument should be designed to provide s record which will
) enable an instructer or inspector to detsrmine, by inspsction, ths
attitude of the plane during various mepevvers and the control move-
ments mede by the pllot to achieve or correct the obssrved plane
attituds, The instrument should be specificzlly designed for use
in the Civilian Pilot Tralning Progrem and in connection wifth ele-
mentary instruction given In basic training courses of the Aray
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and Wevy. Thie implies that proviaslons for rescrding wiil be

limited essentially to the more slsmentery tralnlng maneuvers

end will not cover acrobatlic meneuvers of the type employed in
the intermediste and sdvanced Army and Navy training.

The instrument will, in general, be used in comnection with stan-

dard flights so that nc elatorats means of ldentlfying maneuvers
need be incorporated, with the following exceptions:

a. The inatrument should inciude a signal marTker o be operated
electrically by ihe pilot or observer.

b. If posslble, it should includse a trace showing sutomatically
the beginning, direction, and end of esch turn.

The instrument should record ell traces on one chart to avoid the
need of synchronizing cherts. If possible, esach of the recording
styluses and peng ghould maintaln & uniform horizontal position on
the chert to avold the need of transparent scales or other devices
for synchronizing traces on the ssme chart. Arcing error should
be minimized, end, if at ell possiblae, excluded.

The instrument should give an immediately vislble and irterpretable
record which may be examined immediately upon the conclusion of
flight. T7The effects recorded should not require computation for
interpretation in the fleld. I% is acceptable that computations
be employed in the cuse of puch dute a8 are to be used for quantd-
tative purposes; but no computetion whutsosver is acceptabls for
field use.

The cost of reproducing the instrument in large numbers for field
use; convenience of instsllatlon; ease and cost of maintenance § etc.,
should be given every consideration in the dasign of the ingtrument
and in the salecition of ite constituent units.

IV. Apart from the general principles noted above, it seeme desirable
to plage before Profedsor Draper the following specific requirements &nd
related suggestions with rsspset to the proposed recorder:

1.

2.

The instrument muat provide 3 traces showing the pumber, CONTROL
extent, and duration of movements of easch cf the 3 air MOVEMENTS
sontroly, viz.,stick (or wheel) right and left; stick (or

wheel c¢olumm) forward and back; pedal {right end left).

There must be included & solenold signal marker, to be

operated by the cbserver or pllot by means of an sppropr- SIGKAL
fate switch, for use in indicating the beginning and gnd MRARXER
of each maneuver. This trace should be mads by a double

aolenoid to facilitats construction of a signsl code in

cass 1t should seem desirable to identify snd grade man-

euvars by code signals,

3.a. The inatrument must provide a trace (or traces) to record
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each 8lip and ssch skid during flight, This trace {or tracea)
ray be obiained through tho use of (1) & recording ball bank
indicator cperating by cleciric conteets or (2) £ _pendulums
free to gwing only ia the laferal plans of the airplana.*ﬁﬁ

The rocording bell bank indicatnr sould consiet sssentially
of & facsinile of the ball bank irdicator or lateral inelincmeter
commerly used in aivplanes, with the sddition of elactiricel cea-
taats placed at suliable intcrvais in the glasa tube, The nuaber
and locaticn of thses coatacta would bs deeided on the bmsis of
advice from insiructors and other guelified persons and 2 the
beels of such experimentel findings =z mey be useful in this coa-
pection. It is certain thst the minisum numbsr would ba foury 2
on gach side of the mid-pogition of the incliinouwster, I only 2
were uzed, one wuuld indicate & position of tha bell corresponding
to %2 litile lobelance®s the olber weuld indicate Sconsldsrablo
lwbalance® or mark the position corrssponding tu the amount of
imbalance sufficlent to endunger the airplene end 113 ocoupants,

The unit invelving the 2 _venduivma fres %o swirg only in the
lateral lzna of the alrplens 1z tkat pnowv used on ths Nedbed Fligat
Recorders :

bek It 15 suggested thel the finsl choliee ltetwson tha iro lstrusents
be lsft to Professor Draper, who, haweway, ooy bz intsreosted in col-
sidering the relective sdvantagm of ecch 2s cullined In the courss
of our discussicn cf ths proposad reoovdar, 200 The sdvnatazen of
the raeording bell hsnk indicator sppecr ap foilowss

{1} It would provide & truce giving diresidy cutagirizedd lofiraatlon

» _ a_'..; < . ¥
enabling the instructor to tsil af £ glanse whebirr he ghulenc

slipped or skiddsd "aot at £11%, 2 13 4tIs% or o & Pucaglisrebled

or “dangerous® degrez.

.

]

{2) Tumping could easily be veriad by & changs of finld iu the gesgs
t‘l‘ T e '
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165 gpe of thess pendoiwme world ba free to awing only left of zeater; and
the other would be free to ewing waly risht of couler; esch would be
pbopped at ite mid-position. The purpose of employlag two pendulums
each stopped et the mid-point, instead of = cingle pandelus Ifrec bo ewing
both right and left of ecenter, lg io miolnize evror Cue to limiizd danp~
ing. Such error would be excessiva In an unstopped single peudviuw, IF
a feuglble moans of dagping (epecificslly, scue meuns other bhewn ey fric-
tion) exists, s single pendulum fres to swing boih right end lel't of centar
in the latersl plane might be employad.

166 $nere 7ill sleo ke made avallable to Professor Drsper a copy o7 & Fhsoer-
andum Concerning Projected Graphlc Recordsr®, prepered by QJaocar Bzeksboom,
Jr., ODuiversity of Paunsylvenls snd, letsr, of & report, now balng com-
pleted hy the Mniversity of Peansylvenis groug, on tho quslivgeive wwd
quantltative trsatmens of fiisht recurder daia.
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oo wein adventage ooy the labtersl pendulome in thab She ley
wrotruetor is familier wich the bali tank indicater. Al-

- . thosgh the ball sad the penéulune are subjest to the same

B effecta in tha gams amomis, certein imatructors might be
reluctunt to sccepl the lateral pendulums as substantially
& ball benk iadicator.

B o
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Since the trace of this device would be o all intents and
purpesss a signal trece indiceling certain remges ln which
the bell has moved, the trace might be designed to take wp
lsps chert space then ths trzce of the iateral pendulums
wvhich recoris actual axtent of deflectiom.
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c. The sdvanteges of tho laternl pepculums may be summarized as followss

(1) The psuduluas provide ivaces of a sontinuous verieble. Froam
these weces, catsgorized informhtion, such as the recording
bell bank indicoator will fwmilch, car be obtaised, btut in ad-
dition, other informetion gan be derived. The chart can ba
macked with lines lodiceiing the limits of the elscirisz con-
tacte propossd iv tho recording ball banl indjestor, to fur-
nish the date avalluable for thht instrument. In addition,
since the trece racords lalerel imbalance contdnuounaly, morae
information on axtent and potiterm of letorsl imbalance will
£lso become avallahblie,

[JREIN) (LR 5
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{2) The isteral pendulums reprepant a mechenical unit, 58 opposaed
Q. _ to the recording ball bunk as an slectric unit. As such, the
H senduluns way posEsas certain advantsges in field oparatlon,
in terme of the nesd of & source of slectric power as well as
posaikly greater siebility under constent use.

v {3} With the grescat Rachsd imstrument, no damping is nECe s5arY

: for the pcndalums, providad @ sultsbls plece of instzliation

A oL and suviitable cushicnlng sgainst engine shock are provided for

¥ . tha instrumeni. In the set of records mede gt $ulene Univer-

£ " sily eed examiped et the University of Penunsylvenia, no diffl-

p culty was exparignced with vibrations traces in the lstersl
imbeloncs linsa, Buch vibreticas traces ere few, mnd where
thay eccur; sen e28ily be discounted. TFha fact thet no damp-
Ing was neceesary probably results from ths location of ths
irgtrunsnt in the baggegs compsriment and to the comatruetion
of the wendulums,which empley & very short shefé, alnimizing
the extent of damping motion. :

S In edditien relatively litila chart spece nzed be con-

& sumgd by ths laters) psadulim: trecs inasmueh ss the eoxtsnt

- of miltiplication cen be cut domn if desired, ¥he Redhsd unite
have slso the obviocwz sdvantege that they ere slressdy in exip- -
tence, ohviating the ezpenditure of funds for the development

of suech sn instrument. | )
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(L) A senmitive trece df & ged must be included in the  AIR

(5) The graphic recorder must provide & trace of load factor LOAD

suvers. The chart space occupied by this trace should
ba celibrated in & trigomomeiric scals of degrees of
“proper® benk; in accordsnce with the approximats rela-

tion lg:a,d foactor - g sec z s Whereey ia the argle of Ypropext
bankd T(See Supplemental Report, pages 160-166

{¢) The instrument must include a trace providing informetion op
pajntensnce of altitude. Buch informaticn will ordinerily
bs vesed not Yo show the ettuinment end maintenance of any
gpecific eltitude in feet but variatioms in altitude during
prescribed maneuvers, i.e., to show whether the subject main-
tained e recorded sltituds ¥ + n feet. This trace cen pro-

maxigum %opmost resding mot exceeding 4,000 feet.268Ths trace
should be readsble within the most refined limits of ths in-

gtrument, 1.e,; the smallesi guentity recorded accurately'gg

the instrument should be aasglly derivable from the chart b

{7) It 1s highly desirable tket the instrument include a unit
indicating unequivocally the beginning, direction and close
of each turn sbout the 5 =zis. The trece indicating turn

low turns since analogous information for medium and tight

turms can be derlved from the traces of movements of the 3
air controls.

16T It 1s to be rscognized that this relation will not hold in these porticns
of a turn in which ths angular extent of elimbing or diving, or slippiug

or skidding is great. Uanits 3 end 4 will provide a rough indicatlon of

whether these ccadltions exist. Purthermore, the greatest error im the

relation occurs wshen the abovas conditions axliszt in the case of shellow
banks,

168 1¢ such au eltimeter were provided with & means of adjustment to O fest
at ground level, it might also be used to show whether the mibject at-
teined end meintained a gpecific altltude. The omly deterrent to such
& use would be the fact that reli=nce would have {0 be placed on the
instructor or other field persconel to meke thls adjusiment for sach
flight, whereas, whether the adjustment toc 0 feet 18 correct eor mot,

the insirument can always show variativns in feet from any given unkuown
altitude.

63 4 recording rate~of-clinb device was rejected because of the existence
of an undesirebla lag in such an ingtrument. Horsover, the extent of
this lag is variable from time io iime end mltuation to situstion.

graphic recorder. ) EPEED

to supply information concerning bank in elementary men- FACTOR

bably be providedby arecording senzltive eltimetsr, with ALTIMETER

should only be includad 1f the instrument is -eufficiently TURR
senaltive to provide this information with respsct to shal- INDICATCR

RSO
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V. The items described above indicate the essential requirements of '
the clindeal or field instrument. The recormendstions are made on the assump-
tion that there is need for s perfected clinical inetyument and that the mem-
bera of the Executive Subcommittes of %he Jommittss Belaction and Tralning
of Aircraft Pllots are saticfled to have &n amount upt four Thousand Dollars
{$4,000) expanded on the camstructicn of such an instringut. «~If the mandate
iz for a “research" instrument, sdditicnal preliminar% ah“&ﬁd a consider=
&bly larger grent will probably be required. o

"‘ﬁ

Joha 3. Jenkins

Horris 8. Yitslers
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