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In t h e   s e a r c h  f o r  ob jec t ive  meaauree o f  p i l o t   e f f i o i e n c y   t h e   a t t e n t i o n  

directed  tOWards~instPUmIte,   a l ready i n  existence,  designad t o  reoord 
of t h e  Committom on Seleotion  and Training of A i r o r a f t  P i l o t e  WB oarly 

graphiaally  plnne  performance and aorrtrol  movements. ithila  such flight re- 
corders ,   including  the Friar Amlyzer and   t he  R-S Ride  Recordero ware inten-  ~~ 

performance, it nevertheless  eeemed t h a t   t h e y  might a leo eerve a useful  
dad pr imari ly  f o r  us0   in   inves t iga t ing   tha   in f luence  of design on plane 

purpose i n  the   eva lua t ion  of f l i g h t   p s r f o m a n c e  i n  wyohological  axperi-  
mentation.  These  instruments were therefore  procured and subjected t o  
experimental Study a t  Tulano  Univereity.  under  the  direction d of Dr. H. id. 
Johnson1 et  Harvard  Univereity, by Dr. R.A, McFarland and Dr. A.H. Holwapl 
at  the   Univers i ty  o f  Uaryland, by Dr. J.G. Jenkins and D r .  R.M* Bell.ows; 
at t h e  University of Pennsylvaniap by Dr. Y.S. Vitolee  and Mr. 0.  Baokstrom. 

, ,  

Jr . 
sylvania wao t o  make an extensive and d e t a i l e d   n u a l i t a t i v e  and q t L t a t i v e  
analysis of t h e  oharaots r i s t ioe  of rooordo  obtained d t h  one commsrcial 
instrument ,   the  R=S Rids Recorder, and of the   usefu lness  of  such  recorda 
i n  providing  objective indieea of pilot   proficianoy. The study was desigced, 
a leo ,  t o  unaover t h e   l i m i t a t i o n e  o f  the  commeroial recorders   wi th   the  view 
of a r r i v i n g  a t  spec i f ica t ions  for an hprovad  Peoor&w providing mora uat,i.s- 
faotory measuremente of p i lo t   p rof ic iency  o f  t h e  type required  in  payohologi- 
oal  experimentation. 

The purpose of the  investi&ion  conducted at the   Univers i ty  of Perm- 

The repor t  on t he   i nves t iga t ion  at  the  Univeraity of Pennsylvania is 
presented i n  t w o  sections, Bart I ,  whioh f o l l o w e ~  desor5.bea the   condi t ions  

t a t i v e  techniques f o r  t h e  evaluat ion 0% such  recorda  in  the  aasesament of 
under whioh graphic  recorda were obtained and. present8  an a n d y s i a  of' a- 
pilot  proficiency.  Nethoda  used i n  the  sxpariment we desoribed i n  grea t  
d e t a i l  eo as t o  provide, i n  a sense, a bas ic  manual for t h a  treatme9t end 
in t e rp re t a t ion  o f  records  obtained  not only wi th   t he  R-S Ride  Recorder* but 
of those  proaured  through  the use of s imilar   inst ruments .  

Part 11, t o  be  publiehed at  a l a t e r   d a t e ,  w i l l  present a report  on the  
auan t i t a t ive   ana lys i s  of the  graphio  records  obtained  through t h e  use o f  t h e  
R-S Rids  Recorder.  There w i l l  a l so  appear, i n  a later repor t s  a descr ip t iun  
o f  an  improved f l ight   recorder   developed,  i n  l n r k e   p a r t ,  from m analyeia  of 
t h e  data  and t h e  oharaoter i s t ics ,   advanfagas   and   l imi ta t ions  of coypmercj.al 
recording  inatruments  gathered i n  the   couree of the  investigation  oonductcd 
a t  the  Universi ty  of Pennsylvania. 



and Tralnlng  of  Aircraft P i l o t s  h a s  been  the development of methodr for objec- 
One majar objeot ive i n  the researoh program of the  Corni t tee  on Se1eotibn 

t i v e l y   e v a l u a t i n e   t h e   p i l o t ' s  performanoe. Researoh a t  t h e  University of 

t o   t h e  use of instruments capable o f  providing  obJeotive  reaords of p i l o t s '  
Pennsylvania  has been aenkered  upontnie  problem, with p a r t i c u l a r  referenoe 

&ill i n  handl ing  a plane. 

l b o  &.hods o f  ob jec t ive  reoordine o f  f l i @ t  performnoe have been mtudied: 

1. The p p h i c  method, by mans o f  a f l i z h t  reoorder which records t h e  
effeat of aoorlemtions upon maroes  which are free t o  move i n  re- 
l r t r ia ted  planes,  and 

2. The photomwhlo  method,  by means of motion photography of fl ight 
instrumente and a cont ro l  movement recorder. 

The  outoomes of rQSOerCh involvin: the  use of photographic math ds re- 
o o r d i m  of p i l o t  responoe of p lane   a t t i t ude  are deeoribed elsewhere.' '&e 

methoda in   eva lua t ing   p i lo t   per formance .  
present   report  is conoerned  with  studiea  involving  the  applioation  of  graphic 

Oe- investi@om  recorded  load  faotore  ooourring i n   v a r i o u s  pnnewere f o r  
Graphic  reoording of f l i g h t s  i s  not e novel  procedure. AB e a r l y  a6 1914 

the  purpose of guiding airplane  deaigne2 In the   ear ly   192Ogs ,  the Army Air 
Corpa o f  the  United States and  the  National  Advisory C o d t t e e  for Aeronautios 

a u l t s  of whioh are   presented i n  NACA Teohnioal  Reports  and  Technical lioi 
eonduoted numerow f l i g h t  teats with s p e c i a l l y  devoloped imbmnts9  the re- 

f o r  those  years.  Similar research ,789 undertaken i n  Oetmany and i n  Great 

t ra-wporb  f lying v~ere recorded by  means of the Nation81  Adviscry C o d t L e e  
Britain.2 &are recent ly ,  i n  the United  States,   over 20,000 hours   o f   a i r l ine  

f o r  Aeronautiom V-g Recorder w i t h  a v iew of obta in ing   da ta  conaerning loado 
i g o r e d  by g u t s  i n  nom1 oomoroia l  flying operationa,3 

In t h e  case of  a l l  such  researoh, howwrer, a t t e n t i o n  has been eentered 
upon the performaaoe of  the airplane, and the emphasis has been upon a i rp l ane  

Motion Pho tamphy  i n  the Anslusia of Aircraft = l o t  Performanee.  TIashington, 
hi%elee ,  M. 5. and Thom$son, A. S. The Use of Standard F l i g h t s  and 

D. 0.r D.A.A. Division  of  ,beearoh, Reimort No. 15, b y ,  1943. 
2 
See eepec ia l ly   l aohnica l  RePOrtQ Nos. 99 and 100, for the year 1921, No. 

163 for the year 1923, and ib 203 for  t h o  year 1925, and Technical  ?$otes Nos. 

i n  t h e  Z e i t r c h r i f t  fur Fluzteohnik und I:otorluftaschifflhrt  (Kunioh and Berl in) .  
64, 97, 112, 117, and 1.54. Similar rosmrch coilductsd i n  Gemmy is reported 

Studies  conducted i n  G r e a t  Br i ta in  are described in the Aeronautical  Hesearoh 
COnnnittQe h P o r t e  and Liemoranda (London) for the  year 19?%-1930. 

S.A.P. Journal,  Ekrch, 1937. 
h i s  program is reviewed in:  Mode, R. V., G u t  Loads on Airplanes, 



design. In cont ras t ,  t h e  emphasie of the   p~osent   inves t iga t ion  is upon the 

of pilot   prbf ic iency.  
performance of t h e  pi lot   wi th  t h e  v i e 3  o f  a r r i v i n g   a t  an objhotive  appraistdl 

In undertakinz an analysie  sf the  uaefulneee  of  graphic  rocorde i n  evalu- 
a t i n g   p i l o t  i)erformanoe, it =PBB h d h t e l y  r ecopdred   t ha t  sooh a record  could 
dot eupply all OS the  data  needed f o r  a complete appraieral of the   p i lo t .  As hae 
been  pointed  out  by J. 0. Jenkine, Lt .  Mr., H(V)-S, USm, “excellent  psrformance 

would produce an  aerodynamically  correc:  plt torn i n  the  urctione of the  airplane. 
i n   f l y in? ,   imp l i e s  f s  more than  the  coordinat ion of control  mvement i n  :my8 that ~ 

pli.ea a continuing anarenoas of  the  behavior  of  other airplanoe i n  t h e  Vic in i ty)  
It implies judgment ae reg.:rde t o  climbin3 and w i e n t a t i o n  o f  maneuvers) it iar 

t i o n e  i n  r e p r d   t o   f l y i n g 1   a n d ,   f i n a l l y ,  it implies C Q Z - W ~  f 3 c   l i t i e s  o f  a t t i t u d e s  
it impliee a knooledge o f  an a t t i t ude   o f  reepect for highly  neceseary re@- 

and enctional  reactione  during a var ie ty  o f  ill** eituationa.” i 
other  words, a e i t i s fac tory   p r formance  an a p i lo t   i n ro lvee  a balanced 

combination of -, w, and ornotiom1 a t g b i l i t e  d e r  the   condi t ions Of 
flight. The graphlo reoorder euppl ies ,   essont ia l ly ,   only an evaluntion of t he  
s k i l l  o f  t he   p i lo t   i n   oonfo rming to  ‘&e e.orodp.nscdc re uiremonte  of t he  pre- 
eoribed mneuverh included i.i~ a fl i$t  t e s t   s i t u a t i o n ?  So, fo r  examplet- 

1. 

2. 

3. 

Graphic  recorda  cannot ah03 :rhethsr the  pi lot   fol lowud the intended 
or prescr ibed  path  re la t ive t o  the  wound. 

Graphic  recorda  carmot show !io? tho pi lo t   roae tod  i n  .the nu l t i t ude  
o f   a i t u a t i o m  mhere j u d w n t  i e  of p r i m  importanoe. Ihey.do  not, 
for   inetanoe,   reveal   vhethcr  :ho p i lo t ,   before   t ak ing   of f ,  made sure  
that t h e  a i rp lane  had been 9 v e n  a l ine   i nepod ion t   aho thor  he  checked 
his @soline  eupply; or -I)lethor bo adjus:ed his peraohute  etraps 
properly. In t h e   a l l - i m p o r t a n t   m t t e r  of dcnduot i n  traf :ic,  graphic 

with uhiOh :ho p i l o t  handled  the a i r p k .  0mphi.o records 08nnot 
records are uealese for in formi=  the   in te rpre te r  am t o  Lho sa fe ty  

show mhether the p i l o t  avoided  ? lying  mor  rostr lc ted areas, or 
vhether, i n  performing  acrobatics, he flew  over an area where suah 
f ly ing  is  prohibi ted,   e tc .  4 

whioh hare a bearing  on  the ~ U C O O Q ~  of Lhe p i l o t ,   p a r t i c u h r l y   i n  
Graphio reoorZe supply no information  about  other  bharacterist ioe 

c a d e t   i n   t r s i n i n g   f o r   a n   o f f i c e r ’ s   c o d e e i o n ,   t h e  de- t o  whioh 
the mi l i t a ry   s i t ua t ion .  For oxample, i f  the   p i lo t  is an a t i a t i o n  

writ as a m i l i t a r y  p i l o f .  Grmphio ~ Q O O &  of flight performance do 
he  possesees  officer-l ike  qualifloatione must enter i n t o  h i s  over-al l  

not  supply data *ich  contr ibute   to  $he aseeesrnent of suoh traits. 

‘ It- such as thoee  mntioned i n  the  precsding  parazmphs must be  evaluated 

4 From a l e t t e r  by J. 0. Jenkins, Lt .  Mr., A(V)-S, USUR, dated 2/6/43. 

’It is  t o  be noted t h a t  l imi t a t ion r  which apply  to  ;raphi0  reoords  also 
apply,  al%hou$  not  to  the,same extent, to   photosm!~hio  records of f l k h t   p e r  

1. S. Vi te l e s  and A. 5. Thompson, op. o i t .  
f o m n c e .  A oonsiderntion of t h i s  problem i a  t o  b~ found i n  the report by 
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by other, possibly  subject ive  te&niques.  The graphic method is  inOOmp$*tO 
insofar  an it omits thm. It is  s a f e   t o  say, however, that  an 8COefl*l* Pila 
must be a b l e   t o  executa o k i l l f u l l y  a s e r i e s  O f  proscribod nwuaauvers a p p r W i U t 0  
for t he   t aak   fo r  l h i o h  ha is  t r a in ing .  lie muat bo able   to ,make  the airplane do 
what he  intendo it t o  do or what he is i n s t r u c t e d   t o  make it do. on t he  bad* 
of the  oridenoe  accumulated in t h i s  etudg, it may be s t a t e d  that graphio  raoords 
rupply  dnta which  oan bo employed i n   t h e  nsseamuent of such prOficiOnOy. In 
other r o r d a ,   t h e   f l i g h t  rroorder oan be  employed t o  furnish  object ive data for 
the  evaluation of f l y i n g   a k i l l  -- to   ruba t i tu te   ob jec t ive   reoord inFs  f o r  sub- 
jec t ive   es t imates  of this   Lanortent  elemant i s  a complete  ori terion of flic-ht 
performancs. 

~~ . 

r e l i a b i l i t y  of assessments of  fliyht perfonnonce, bo ed upon object ive recorda 
The study  descr ibed  in  t h i s  repor$  fepreaents  an  attcmpt t o  deternine  the 

obtained t h r o q h  the  use of the R-5 Flight  RocorderOg The study is exploratory 

technique  rather  than to a S U X T Q ~  of   t he   en t i r e   f i e ld  of  pFaphic  rocordin3. The, 
i n  charactor,  and is devoted t o  an intonaive  evaluat ion of the  graLJhic  recording 

m e r  turn.7 However, t h e   f a i l u r e  t o  inolude other  mneuvere is no indica t ion  
inveatigAtion i e  ac tua l ly   I imi tod  t o  an  nruzlysie of only one mneuvar -- t he  720 

t h a t  such other  mneuvera do not lend :hcmsclres t o  t he  sme type  of analysis. 
As a mat to r  o f  f a c t ,   t h e m  i a  every reason io :ml i eve   t hz t   p r l cdca l ly  a l l  of  
the  mneuvers  inoluded i n  the eleanan'lwy fli$t t r a i n i n g  program can be t r e a t e d  
i n   t h e  samo =mer t o  produae r e s u l t s  of : .nterest  and s lynif iaanco  aqua1  to  
those   r e su l t i n3   f ro3   t he   i nves t i s a t ion  of t h e  720; power turn,  provided t h a t  a 
completely  adequate  f l i&t reeorder i s  ava i lab le .  

In  thie   s tudy,   the   graghia  recorder .:ma i n i t i a l l y  viex-d ohief ly  as a 

become inoreasinzly  apparent  tho+ a ouitobly  designed  graphic  recorder may 
source of  c r i t e r i o n  datao However, ae the inves t iga t ion  has progroosod, it has 

prove t o  be  an  extremely  useful a id  t o   t r a i n i n g .  An instrument  providin:. re- 
cords of  control  movements, a6 1 ~ 1 1  ea o f  a i r p l a n e   a t t i t u d e s ,  can  undoubtedly 
be  used t o  advarrhege i n  demonotratin,; t o  s tudent   p i lo t s ,  and a l s o  t o  instruc-  

ranee. 
t o re ,  ercors ita handling the controls  and r eou l t in2   f au l t s  ir;  f l i , : h t  parfor- 

It i e  quite possible   that   the   graphic   recording  technique my ult imataly 
have more p rac t i ca l  m l u o  in t h i s  f i e l d  than 88 a means of obtainin.:  objective 

6 Part I i s  l imited t o  t h e  owlua t ion  of ?1i*t recording through the  w e  
o f  qua l i t a t ive  methods. In Part 11 will be presented a detai led  discussion of 
quant i ta t ive  technfques  in   the  evaluat ion  of   f l ight   records.  

ations by a si&e  experimonter. The r e l i a b i l i t y  o f  evaluat ion by mult iple  
raters remahe t o  be  investigated.  

'The study is a l so   l imi t ed  t o  aa oxplorstion of the  consistency o f  evalu- 

8 Such a recorder b.as been constructed on the  basis o f  spec i f ica t ions  for- 

basis of the  Cindings of t h i s  study: This flisht recorder,  b u i l t  a t   t h e  Masse- 
m l a t s d  by Lie 3. Bitel ,ess  Qsoar Baokstrcm, Jr*, and J. 0. Jemkine largely on the  

a h w e t t s   I n s t i t u t e  o f  ' i3chnoloy, dl1 be dwcribod in a eubeeqwnt report. 



c r i t e r i o n  date i n  t h e  exper imnta l   s i tua t ion .   For  exampla, records o f  cont ro l  
movemente m y  be used t o  point o u t  t o  a student h i s  f a u l t a  i n  "ridin;"  the  rudder; 
i n  failine t o  uae onough rudder;- in   faul ty   ooordinat ion  between  a i leron and rudder 

demonstrated t o  t h e  s tudent  that  when he f a i l e d  t o  w e  enoush  rudder into a turn, 
i n  t u r n ,   e t c .  71th the a i d  o f  f l i @ t  records, it can be  olearly  and unequivocally 

he s l ipped  extenelrely;  when he used  too muoh rudder, he skidded  extensively; 
when hie rudder adjustment m e  approximately  correct,   he  entered the tu rn  i n  la- 
t e r a l  balance, or with at  moet @. a l i g h t   s l i p   o r  skid, and EO on. A t  the e m  
time, correat  adJuatments may bc  demonstnrted i n  a part icular ly   impreeaive uanmr 
if i n s t ruo to r  aad student  alternate i n  p r f o d n g  a given IlIEuIeuvor. Omphio re- 
oording h e  a particular advantase for euoh purpoeee, l a  that the   au tomat iea l ly  
r egb te red   r eco rds  may be inepected  imnedlstely upon com9letion of t h o   f l i M .  
Suoh ooneiderationa  accentuate t h e  d s a i r a b i l i t y  o f  furthar oonsideration of 

and developant ,   of   p i lot  s k i l l .  
graphio recording  technique8 i n  fu tura   invee t ip t ions   conccrned  n i t h  the nature 

I n  p r e s e n t i w  t h i e  report it ahould be pointod out that It i a  the outcome 
of col l&orat lve  effor t .  8. EII. Johneon and  Peroy V, Cobb, T o n e  University, 
supervised the  co l l ec t ion  o f  sa:)hio recorda at t h e  N e w  Orleanu Airport,  and 
contributed much i n  the way of sugpakions w i t h  r e e p a c t   t o  the treatment of 
reoprdo. Vldkunn Cowhoron - Jar1 aae ie t ad   i n   t he   oo l l ec t ion   and   i den t i f i ca -  

checked by iialcolm G. Preston,  University o f  P e n n s y ~ .  The report  vas 
t i o n  of the  reoorde. The s t a t i s t i a d   t r e a m e n t   o f  Part I of t h i s  report m e  

reviemed f o r  publ ica t ion  by J. 0. Jenkins, Lt .  Commander, WNR, P e y c h o l o ~ c a l  
Sec t ion ,   Avia t ion   hd lc ina  Division, Bureau of  Fadioine and Surgery, and  by 
h v i d  L. Webater, Chief Phyu io ie t ,   Ba l l i a t ioe   Mora to ry ,  Aberdeen R o v l n g  
C-romd, k r y l a n d .  The latter gave p a r t i c u l a r  conaideration t o  the treatment 
of a e r o d y d o  oonoepte. 

b l v e r r i t y  of Penneylvsnia 
Philadelphia,  Pa. 
September 1, 1943 

Marria 9. Vitelee 

-oar Baaketrom, dr. 
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formances re far r in?  t o  Sank and la te ra l  bxlance. 

Separate  readin3s ere made of  the   record8 of t h e   r i g h t  720' power t u r n s  
- 

as performed by tho 28 subjocta durin: t h e   l a t t e r  tro of the   three  s tandard . 
f l i z h t a  flotrn.  dach  record 'was r a t s d  u s i n 3  both  methods of  analysis and, i n  
addi t ion,  one sat  J f  r x w  , a  1 8 s  re-rated by each method. The r aco r l s  vere 
'ivon code numbers and  re-coded  each time EO as to   reduce  recogni t ion o r  
ident i . f ic , i t ion of individual  records,  



, , .  

v u e  t h e n  oompnred d t h  each other and w i t h  e x b a r d  oritrria t o  prOVidS in- 
formation ne t o  t h e  r e l i n b i l i t y  of the  methods# t h e  omparabil i ty  Df tb 
methodo, and the r a h t i o n n h i p  b o t w e s n  t h e  ratings and other  mensume of g i l d  
s k i l l .  Valuer of p were obtainrd froda X?, and 0ontj.Ugenoy ooeffioial$r mro 
oonputed i n  ordm t o  dotermins the s igdf io -oo  and S X t O l l t  Of th. Mf30OhtiW 
between tho  var ioue 6 & B  of dakae 

41. The diu t r ibu t ions  of over-al l  ratings resulting from t h e  r e a d i w  

snd an e d u n t i o n  of t h 6  exgierimentsl  prooadures  ueed 
5.  Analysis of t ho   roeu l t ing  p raluea  and aontlngonq oorffioimtc (pro- 

oonolusi~onat 

a. The two methoda of rat lng (Data Sheet nnd @anoral DOmOriptiQ - Sheet) were Pound t o  give comparable rool i l ts  an @ridsnood by the 

t i n g e  obtnined by t h e  two  mathodr. 
rignifiomt end high degree of aasooiation b&w.on t b  s&r Of ram 

In praot ioea  t h e  h e  methoda origimlly oonoeivml t o  dif fer  in 
amount of detail, were found t o  approaoh enoh other M t o  a n o u d  
of d e t a i l   o b a s n a d  and t o  d i f f e r   o h i o f l y  in methad o f  rooording. 
40 suoh,  they 111'8 anrlogoum t o  a l t e r n a t e  io- of a 

S h o e  t h e  method underlying the hnerdl Derariptioa She& i e  l o s s  
time-oonauming and i s  saeen t l a l ly  n "olinioal"  evaluation^ re l ea f -  
ing t h o  rn l ion t   fea tures  of the   reoerds   th ia  method would ream 
preferable t o  the  more o m t r o l l e d  and alaboratr Data She& ms'bhod. 

b,, A rignifioa& and f a i r l y  high degree of aoaooiation ma f o d  b= 
tween the   ra t inga  obtained during first ani r e p a d  readings by tba 
emno method  of rnt;ing. Thin  aasoolat ionv  hmeror ,  oannot be offered 
am f inal  proof of the t e s t - r e t e s t   r e l i a b i l i t y  of the r a t i n g  methoda 
rinoe it i o  affeoted by a number of  oarrr o f  reoognitlon of indi- 
v idua l  reaords due t o  g r d n g  familiarity v f t h  tk reoordr. 

Tho arsoolatioln between t h e   r a t i n g s  by the methodsr however8 
oan be oonsidered ae evidonoo i n  favor o f  satisfaotary r e l i a b i l i t y  
of t h o  ratings einoe thr, methods  turned out t o  be eaaexltially Opu3.v- 
nlent f0rmB.e 

0 .  h o  typee df v a l i d i t y  are of hpor taoo6 in t h i s  etUdyJ 

(1) t h e   v a l i d i t y  of  the   rnt ingn ns descr ip t ive  D f  the rsaordad 
f l i g h t  perfomanoei and 

(2 )  t h e   v n l i d i t y  of the   ra t ing8  ne repreeentat ive of l eve l s  of 
o m - a l l   p i l o t   p r o l i a i e n o y .  

(a) The first type  o f  r a l i d i t y  may br aeamoc& ( l imftd,  o f  
oourBrt t o  those  aapeots of the  perPomanos whioh ape 
aOour&Oly reoarded by the  R-3 R i d .  Reaardqp), Sime 
t h e  trao*s m e  an ObjeOtive reeord o f  at*,i tudo rffaote . 



during f l i .+ t ,  t h a  rntin?;s  besed upon those   t r acoa   ( i f  
reliable) nre  thentselvee  cri terion  date,   representing 
re la t ive   degrees  o f  excollence of yorformance ar com- 
parad d t h  a n  “ideal”  perfcrmanco i n   t a m s  ,>f aerody- 
n d c  principles.   Since  there i e  some evidence as t o  
t h e i r   r e l i a b i l i t y ,   t h e   r a t i n g s  c-in be csnsidarcd  val id  
descr ip t ions  o f  thoae  aspects J f  fli9t perfornlance  re- 
corded b y  t h 3  tracin::s. 

(b) The v-il idity of t h e  rstin;.,s as reprsaent.ative  of over- 
a11 p i lo t   p rof ic i snoy  YUY detsrmined by comparing t h e  
r a t i n p   v i t h   e x t e r n a l   o r i t e r i a   o b t a i n e d  b y  c l a s s i f y i n g  

P i l o t  S t a t u s   c l a s s i f i a a t i e n s  were based upon l icense  
the 28 sub jec t s   i n to  <roup8 accord inq   to  p i l o t   s t a t u e .  

s t a tus   ( s tuden t ,   p r iva t e   p i lo t ,  or i n s t r u c t o r )  and 
nmcunt of  flyinn,  tirue i n  the testing airplane  ueed 
durin? t h s  s t indard  P1i:hts. 

The resociation  abtsirred  durin:   - these  ccm~arisons 

The f a c t  t h s t  the v a r i o u s  cont inyncy   coef f ic ien ts  are 
(Table 6 )  wae not  found t o  be s t a t i s t i c a l l y  s i n n i f i c a n t .  

cons i s t en t ly   po r i t i ve ,  hamaver, suggests t h a t   t h e r e  m y  
r n t u a l l y  ex i e t   s ign i f i can t   r e l a t ionsh ip   be t a san   t he  rh- 
t i n g e  and over-al l  f l iqht   prcf ioienoy.  

e t r u c t o r s  i n  t h e   f i e l d  i n  tho  quali txtive  evclluation o f  graphic  rocorde 
6. A mthod is su~ ,ges t ed   fo r  the  use of  pa t t e rn   s c s lne  by in- 

of  p i l o t  performoneo. 
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Pennsylvania  has  been t o  datermine t h e   u t i l i t y ,  aa a souroe of or i tor ion   da tap  
ob graphldo rsoorda o f  data p e r t a i n i n g   t o   a i r p l a n e   a t t i t u d e   o b t a i n a d  i n  t h a  
aourae d etandard f l ighbb and t r e a t e d   b c t b   q u a l i t a t i v e l y  and qUadi ta t iVO1~.  

The fundmonta l  aim of the  inveutigatioon  Garried on at t h e  U d V a r O i f Y  Of 

t a i n i n g  t o  airplaue a t t i t u d e ,  was or ig ina l ly   dea igmd t o  i n d i m t s   t h e   q u a l i t y  
and  charaaterdst ics  of t h e  "rid.* and t o  reaord m a d s  and ehookr ooourrbrg 
i n  movdqg railway o l ~ s .  The insfrmesb used in   the   Tulana   p ro jeo t   shom i n  
Plate VI pogo 60s BE a d y r l h a t e  o f  t h i s  ride-reoording instrrtmcd wi th  oar- 

t h e  flight8 made at. t h e  Wsw Gpla~~ Airport:. Spooimens o f  the  ohart  o f  t h h  
t a b  manor modlfiafltloas  suggoeted by ypeliminapy trials of t h e  inotrummt in 

R-ti Ride Rooorder are shorn1 3n photoatatio  reproduotion iu Pla tao  Iae Ibl 
$11. and IVa-IVi. 

The  Chart  and  Chart T r a m  

'Phi R S  Ride  Hecorder,  used in abttaininp; the   g raphic   reoords  of d a t a  P C -  

1 

The ohart i o  waxed red pepper. R11. treraoes m e  m d e  by tmhaatad m e t a l  Sty- 
lusar. The d r i v e  roll of the inetrment i s  pogged at eaoh end. The pegs fit 
into the   marginal   holes  of t h e  ohart and serve t o  prepeld; fouling or ppalposi- 
t l o n  o f  the   ohar t .  Tho ohart i s  dlv idsd   hor i ronta l ly  i n t o  f e e t ,  inohem,  and 
ten tha  o f  inohos~  thane   unf ta . repreaent  t h e  in to rva le  which depond on thr paper 
s p e d .  The paper apeod w e d   i n  makif@ a l l  recardm i n  the prorook experiment warn 

4Several  modele o f  t h e  R-S in&rumm% ark current ly  i n  UM. The f e w  " R i d .  
Rcomdsr" i s  here  appl ied throry5RoUt t G  t h e  earliset model, whioh -lays E sym- 
6.m of olootrical UTitOhW t o  reaord oori'Gro1 rncvmarrts and has a ahart  width of 
4 15/16 inohas. The term 'Redbad F l i g h t  Reccrbr," with diot inguirhing modal 
number, i m  appl ied t o  thm later models A-2 sad A-3, whloh cmnploy a mohanioa l  
aab le  eystern t o  rooord uontral m w m e n t s  ard have a ohart width  of  6 15/16 

dieausaion,  inoluding "Impact  Rooorder,' %apaat Regiatar ," 'Pendulum Rsowder(" 
inohns a (Othsr name0 have 'ooan applied t D a l l  models i n  oorreepondenoa  and 

Controls Yovennent ReooLder" t o  tho mwor models A-2 and A-3, but in .April,l9Q2, 
et%. The mraufnatumr formerly  applied  %he tam "R-S Birplane  Atti tude and 

were made w i t h  t h e  R i d s  ReoorbrI >ut s h o o  t h e  models  have o e r t a i n  features 
adopted "Rodhod F l i a t  Reowder.") A l l  recorda with lilaioh t h i o  report deala 

in common, muoh of the  diaouasion ia this r a p o r t .  i s  applioable t o  reoords madm 
with t h e  Fl ight  Reaordesrr a o  salL.  5peaif ioal , lyl  diaouaeion of t h e  left-sing- 
low traoe, t h e  right..ri.ag-low tram, apd the pd;to~-and-~ongitudinal-coae~eration 
t r a c e  rill be appplfaabls t o  both F l i & t  Rooardl~rs  A-2 and A-3; diaouspion o f  th 

instrument8 whi.oh have Clae a aallbratiot ' r  and   par t ia l ly   appl icable  t o  lead  
"load f ' anoto~~t t saoe  Will b appl loable  t o  IQad f aa to r   i nd ioa to ra  of Modal A-2 

f a a t o r  M i o a t o ~ s  having  differant  salibratlons. (Slnoo thu load  f a o t a r  %Mi- 
cator of Model A-3 proyldoe fox the rsaordirr~ of !~gaGivo as w e d l  aa poai t im 

o f  the a i d s  f leaorder,]  
l and  f a d o r ,  it aaM& h&VO t.he mmo o d i b r & i o n  58 t h 8  l m d  f a a t o r  indieatos  
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centripetal cmponant 

curved 'flight in the earth horizontal ,  the apparent graVrty of the airplane 
t h e ' r e w l h t  of a gravitational ceoi;lonent and B centripetal component. 

the load  factor is peatar  than + lg. 1 



cent r  

g rav i ty  + c e n t r i p e t a l  component 

e n t r i p e t a l  oomponent 

compon 

grnvi t  y -t 
c e n t r i p e t a l  componen 

I- 

I 

A per fec t ly  oiroular l oop   execu ted   i n   t he   ea r th   ve r t i ca l  at aonetntaf 

a long   t he   a i rp l ane   ve r t i ca l .   Grav i t a t iona l   acce l e ra t ion  will a l s o  l i e  
speed ia accompanted by a constant  cent.r ipeta1  accelerRtion, which lie6 

The apparent gravity of  the   a i rp lane  ie the  aum of t h e   c e n t r i p e t a l  and 
a l c n g   t h e   a i r p l a n e   v e r t i c a l  when a i rp lane  and earth  rart ice.1  coineidu, 

g r a v i t a t i o n a l   a c c e l e r a t i o n s   i n  euch  inatancoa. In Figure 6 it wau aaaumad 
t h a t  the  radius  of t h e  l o 3 p  and t h e  speed of the   a i rp lane  were such 
t h a t  t h e  cons tan t   oent r ipe ta l   acce le ra t ion  : 2 g. Thus1 

1 
i 
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5 

factor whose value i e  greater than 1 gt and i s  dependent 
curved f l i g h t   p a t h ,  i t  i e  s u b j e o t s d   t o  a posi t ive  load 

upon the  plane  within vhich   the   a i rp lane  is'turning, t h e  
ratn o f  t u r n l  and  the velocity  of the airplane.  

3. A p o s i t i v e   t r a c e  w i l l  appear on the  load   f ac to r   l i ne  when- 
ever t h e   a i r p l a n e ,   a e   i l l u d t r a t e d   i n  D1ap;re.m 1, pages 6-78 
i s  fallowing e curved fl ight path whosa direct ion  and ma- 

greater th- 1-05 g, t he   va lue  o f  t h e  i n i t i a l   b i a e  o f  t h e  
i u s  are suoh t h a t  t he  'load"  imposed upon the  plane i e  

ren t ra in ing   spr ingf  This statcrment holds   whatever   the  phne 
wi th in  whioh the   a i rp l ane  is traveling.  Thus, a curved 
f l i g h t   p a t h  i n  the  e a r t h ' s   v a r t l c a l p  RE in, e r g . ,  the  

t i v e  trace qn t h i e  l ines  End likewise, a aurved f l i g h t  
mrrved eaoent  during a normal  loop, will produoe a p o d -  

pa th  i n  t h e  ear th 's  ho r i ron ta l ,  an i n  banked turne,  w i l l  
psoduoe a poe i t ive   t raoe .  d 

4- S h o e  a oonetan t   re la t ion   ho lds  between the engle of bank 
in hor i zon ta l   t u rns  and t h e   l o a d   f a c t o r  t o  which the air- 
plane i s  aubjeoted, the  l oad   f aa to r   t r ace   f i nd8  a part lo-  
ulsrly %Ortent us6 i n  s u p p l y i n g  information  about  the 
eubjeut 's  performanoe with r e s p o t  t o  bank. The emphasie 
of t h i e   e tvdy  hae bmn d5.reuted t m e r d s   t h e  enamination 
and analys ie  of elomentary mneuvers, many of which re- 
quire e curved flieht pa th   i n   t ha   ea r th   ho r i son ta l .  hr- 
t i c u l a r   a f t e n t i o n  hae therefore  been  given t o  UQB of 
t h i s  t raoe   in   supply ing   in forna t ion   ohout   the  'mnk o f  
the   a i rp lane .  

5. In t h i s  and  subsequent diacuaaiona, it \rill be neceeeary t o  
d is t inguish   carefu l ly  amng t h e  terms prescribed  bank, 
"=mer" baqk, and gatual ban&* 

a- The ="scribed bank i a  that bank  wbioh the   subjec t  i s  in- 
e t r u o t a d   t o   a t t a i n  and nkin ta in   dur ing   the   par t icu lar  
manewer. 

(1) t h s t  hsnk at rhioh the airplane,   having a given 
f0WRl.d ve loc i ty ,  would  be i n   p e r f e o t  la teral  bal- 
ance for t h e   p a r t i c u l a r  rate o f  turn t h e  p i l o t  hbp 
asatmod, or0 a t a t e d  i n  o ther  tsrms, 

(2) t h n t  be@ at which t h e   r e s u l t a n t  of g r a v i t a t i o n a l  
and oen t r ipe t a l   acce l e ra t ions  would be v e r t i o a l   t o  
t h a  v i n g  span for t h e   p a r t i c u l a r  rate of t u r n   ( a t  
the   g iven  fcrWRrd ve loc i ty)  or 

(3) t h e  appropi-lata bank for t h e  rats of turn ( a t   t h e  
given farnard reloclty)o 



Depending on extent cf daflea-  
t i m e ,  airplane m y  fo l low 
apprcxbataly   f l ight  path 
rapresontad by aolfd line, 
re la t ive  position ahom in z8 
or m y  movs upward and outward 
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9. I n  r ead ing   t h i a  report 4 . t  ~ ~ b . 1  tu ~efeJ.~ S t s t  ' ' 9 ~ 3 p 9 ~ ' ~  
bank  hea ?men used La r l w i ~ e  P&;Oleen ef ~';.ht e k i Z 1  3.n 
preforenoa t o  actual bank. Raaeons for @doing E U Q ~  
prefsmnoe t o  "proper" ba~ak am o:>tlinod i a t  d0tall in 
the  Supplemental  Report, pagea166-lb8. It need be said 

vhfoh a f fo rds  a d i r e c t   i n d i c a t i o n  of one and only cna 
her s  only that the "proper" bank i e  e. @ydBcal e n t i t y  

Important aepecrt of the   rub jeo t 'o  perfcmmaeioe, VI%., 
h i 8   e a t h a t e  of  t h e  proper rata of  t u r n   ( e t  the given 
fo rne rd   ve loc i ty )   t o  aohisve t he  des i red  o r  prescribed 
bank. Tho conoept o f  t h e  aotual bank i s  ~ e r h a p e  aoma- 
fist mora r ead i ly  graaped, fmaiKOh as it rspresents  
t h e  e o t u a l  i a o l i a a t i o n  of  t h e  win- t o  t i s  hodrcn .  
The Hotual  beak may ne~verthelsse  be aonsidered a less 
usefu l  item beasuse it ha a compounding of two d i f f e r e n t  
effeete, nei ther  of ahiah it ind iea tem  d i ree t l  or 
simply. (see Supplementai b p o r t ,  pngea 167-1 k l  8.1 

10. Reference t o   P l a t e s  IVc. - IVJ w i l l  in r l ica te   the  u t i l i t y  
of  t h e  load  foetor  traoe i n  supplying PnPonnatiou aboikt 
the   aubjec t ' s   per formnos  aith reepect  t o  "proper" bank. 
For aPlrample, i n  Plates 1%. IVb, and 1 3  it is a p p a ~ s n t  
t h a t  the  subjeut 's   "propor" bank varies  ccneiderably 
and  might be characterized  aomwhat  impreoeianistiaally 
a~ "ragged". I n   P l a t w  TVf and w e  see11 examples 
of r e l a t ive ly  constant  "proper" bank. Further  diecuasiorr 
o f  these p la t e s  vdll be preaented later, since t h e  pro- 
sent discueaion and a d n a t i o n  are designed  only t c  
i nd ica t e  the general   nature and u t i l i t y  o f  the  load 
fao tor  traoe. 

. .  
c 

B. b n e d i a t e l y  below the  load  Eaotor   t race are two traeee ind ica-  
t i v e  o f  l a te ra l  imbslanoe. one of  these (uppar)   indicates  
t h a t   t h e   l e f t  wing is low, i.s., t ha t  the inol inatbon of the 
wing t o  the h o r i i o n t a l  is t o o  great for perfect  lateral balance 
i n  t h e  maneuver. The o t h e r  ( lower)   indicates  that t h 6  right 
aing I o  low. These t r a o e e  will be dieouesed  jointly  and rill 
b e   r e f e r r e d   t o   c o l l e c t i v e l y  as the " l a t e r a l  i s b h n o a  trao@i'e 

1. &a& of  these l a t e r a l  imbalance trams is produced  by D 
pendulum free t o  mow0 on ly  l a t e r u l l y .  Them psndulme 
are stopped in suoh a manner that eaoh may execute only 
h a l f   a n   o s c i l l a t i c n ,  l'hua the  lef+wing-lor  pendulum 
s a y  move only t o  t h e  l e f t   ( p i l o t ' s  or airplane's) i n  the 
lateral plane, and the  right--&nplow p f p l u m  m y  n o w  
only t o  $he rip!& i n  the lateral plane. 

~ 

" 

2. Each of  t h e  lateral irnbalanaa trageo waB caLibra%ed 
s t a t i e e l l y .  The scale io sucrh t h a t  e a ~ h  0,1Q insh in 

The purpose of employing  two pend.ulurns, each  atappsd at the midpoint, 1,s %o 
minimize t h e  e r r o r s  due t o   l i m i t e d  dslaping. Thew errom would be nxoeerfwe 
i n   e n  unstopped  olnglo  pendulm. 
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t l ~ ~  r s a u l t i n g  Lraoe does no% %!ow mequirooal ly  t h e  nature 
a d  extent  o? aaoh offout. 

2. tinder moat o tnd i t iona ,   t he  pitohmd-longi t tu39nal~ooolora-  
tion trnae is  therefor0  not   interprot iablsB  and no use has 
b a n  mdat of it in th ia   invoet iga t ion ,   &though  the  t raoo  
o m  ba usod (LE @..n a i d  in i dan t i fy ing  mmeuvare. (Sos 
Exhibit 1, pageela-l4?.) Rsferring t o   P l a t e  I%, it may 

a straight l i n e .  Unfortunately t h i 6  oaunot ba taken t o  
bo aeon t h a t  t h e  traoe under  oonsideration i s  very nearly 

i x d i o a t e   t h a t  t h o  pi lo t   main ta ined  d n o e s - l w a l   a t t i t u d e  
(is@.* that the   l ong i tud ina l   ax fe  lay i n  t h e  planc 0% tkc 
hopironf, bsosuee t h e   p i l o t  may have 0psra.e 
in suoh a ray as t o  produce l O n g i t U d i ~ ~ ~ 1   b o c e l e r a t i o n   a n d  
ohnngvs i n  I.angitudina% a t t i t u d o  whioh p r e d i a e l l l y   o f f s e t  
eaoh  other i n  t h e  trace.  Ll.kowise, in w Q h  thm shor t  

t h a t   t h o  p i l o t  hae pul led  up fha nom of t h e  airplalme. On 
aeottbon of trase tcreards tho  end of t h e  marsuvar may m a n  

t h e  ather hand, an i d e n t i c a l  traoe might F ~ E O  ba psoOuoed 
by positive longi tudinal   aaoalerat ion  occurr ing whan t h e  
none of tba pLane ha autual ly  below t h e  horizon, 

' d %ha afFpl&?Ie 

provided by t h e  R-S Ride haordor  shun ni l .  
, roepact l roly.  Thsee traaas aro not ah 

The oontrciaommenta racordkag systems of tho R-S .%.do Aesorder vmm dia-  

das l rab la   than   those  o f  t h e  F r i ez  Gable Control . b o o ~ d a r ,  rh ah 7 1 ( ~ ~  Jn- 
carded i n  t h e  f i r e t  w o k  at t h e  f i e l d  boonuse thoy ".fa judged t o  be Lese 

s t a l l e d  and F I I I B F ~ O Y O ~  i n  oonjrrno-ti'on w i t h  t h e  Ride &oorder.l t t  

A l l  tho traaes deearibed i n  t h a  prccading paragraph@ and illustrated in 
Pla tee  1va - == I n o l u d i q   t h a  5Lgnal marker t r a v e  and  t h m a  psrt rzinhg 
d i r e a t b y   t o   f l i g h t   a t t i t u d e  -- are oomon t o  ell models o f  t h e  instrument. 

be varied a a  &aired for any individual  instrumeutj hsnco t h o  pnrfiwlrtr 
(The i n i t i a l  tcns ion o f  t h e  reatraining spring i n   t h a   u o o e l e r m s t s r  may 

t o   e t h e r  models . )  
o a l i b m t i o n   a n d   r s a d i n p  referred t o  I.n t h i s  report may not be s.pplicabke 



.. 

Rooorder m y  be w a d  i n  arriving at quant i ta t ive   ind ioee  of p i l o t  perform- 
The disausoion t h u s  far ha8 indloated t h a t  t h e  reoorda of t h e  R-S Ride 

MOO. One obJeotive oi t h i s  iuvee t iga t ion  has been t o  determine t h e  
u t i l i t y  of  theam reoorde i n  obtaining g u a n t i t a t i r e   d a t q  on f l i g h t  at t i-  
tuAe to bo w e d  ae o r i t o r i a  in evalua t ing   p i lo t  perfonmsnoe. I n  addi t ion  
the   imea t iga t ion   i uo ludes  an axenination of t h e  u t i l i t y  of t h e   r e o w d e  
i n  arriving at re l iab le   and   va l id  w i t a t i v e  w t i m a t e q  of p i l o t  perform- 
nuoe. 

Xn the   searah for, or development oP, oriteria for m e  in problem of 
ae leo t ion ,   o l a se i i i oa t ion ,  and t ra ining,   preferenoe i s  oustomarily given 
t o  t hose  o r i t e r h  nMoh map be qusn t i f i sd  and  expressed i n  o a r d h l  num- 
bore. Suoh ariteria admit of more extenelre and more sxa& treatment than 
thoee r h i o h  m y  be expressed  only in q u a l i t a t i v e   t o m e .  It may be asked, 
sinoe t h e  data p-ovidod by tho  R-S reoorde  lend  thsmeelveo t o   q u a n t i t a t i v e  
treatment, why a qunli ta t ive  approaoh m a  also employed. The anmrr t o  
t h i e  peetion l i e8  in t h e  t h e  rsquired  and  tho  diff loul t ier   anoountered 
in t h e  treatment of t h e  data of t h e  R-S Ride Rooorder ohart t o  provide 
quantitatise indiaes of p i l o t  pwformanoo.17 

,~ 1 

i n  Arrlrillp at 2usmti ta t ive Data 

I. Xn =der t o  obtain quant i ta t ive   ind ioee  of p i l o t  porformanoe from t h e  
b t a  provided by t h e  R-S Ride  Rooorder  oharts tha various t r aoee  oon- 

time interval. I n  this p.oooee, error ob msaeufement map be h o u r r e d  
siderod must be  acouratoly  measured at nome a r b i t r a r i l y   e e t a b l i s h e d  

i n  two respectat i n  measuring ysrkioal   ohar t   d ie tanor  ( l ee . ,  t h e  

1'1 It should bs noted tha t  oertain data of t h e   o h a r t  - lumelyt  thoae  data . 
provided by t h e  load   faa tor   t raoe ,   the   1ef t" r ing- low traoe,  and t h e  right- 
wing-lor t r a o e  -- - quant i f ied  i n  t h e  sense t h a t   t h e y  are  "graphed" on 
the  reoord, The load  faotor t r a o e  may be viewed as  a graph of pos i t ive  
load fadw "plotted" agal.net time) t h e  ls i t - t lng-low traoe may be  viewed 
as a graph o f  t h e  deviation of t h e  b a l l  of the   bal l -bank  indicator  to t h e  
lef t  of ita center   posi t ionl   "plot ted"  against   t imo)  and t h e  rightlring- 

right of i t a  oentor poeitioo, "plotted"  againet time. 
low t r a o e  nay bs r i m e d  as a graph o f  t he   dev ia t ion  o f  t h o  ball t o  the 

Theee data, hawver ,  are not in themaelves   ar i ter ion  data .   Cri ter ion  data  
are t h e  of these  effoate "graphed" on t h o  o h a r t  from what thoee 
offeate a w l d  bt. 

I n  many instanoes, it might be ea id  that t h e  la teral  inbelanos l iner ( l&- 
ring-lor and rlght-ring-low) are graphs of t he   dev ia t ions  of t h e  aatual 
perfoFmanoe from t h e  presoribed  porformanoa, vir.> i n  t h 8  oase of t h o s o  
lllulouver8 i n  rhioh no poei t ive   t raoo  of l d u a l  imbnlsaoo  should a p p a r .  

In t h e  oaee of mnewere rlliah do require  a p o s i t i v e   t r a c e  in t h e  onso of 

hold.  Moreover, even i n  thoao inetanoes whore the   da t a  "graphed" on t h e  
one of these l inea ,  euoh forward  and eide s l i p e ,  t h i e  etatement O ~ M &  

aha r t  might be omaidered t o  be tho1ne01~08 o r i t e r i o n  d a t a s  t h e y  are not 
*xpPeemd in index form. 

http://agal.net
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19 The q u a l i t a t i v e  &udy a a o  undsrtaksn a t  the eug&estion of H, Ho Johnsonr 
who prior t o  the in i t iat lan o f  the   qua l i ta t ive   a tudy  also ravibwed thm 
experimental & s i g n  na pragJ-.red by h l w  S. Viteles, Oaaar BAokstrm, Jrc, 
and A. S. Thompson. 

28 Tbeae f e a t w e a  are t he  h o d  faactw traces t h e  l&-Wing-~QW traoep  and 
right-..lag-low t r a o e ,  discuoaad absvo. Thsae ~ R O ~ B  oompriee all those 
featurea of the   reoorda  o f  all ffiodeln of the, iuetrlnnsnt vhloh p e r t a h  
d i r e d l y  t o  flight a t t i t u d e ,  d . t h  t h e  exception of .the equivocal pitch- 
and-longifudiual-aaceleretioi~ treoe, 

21 The r e s u l t s  of  t h s  qun t i t a . t i vo   s tudy  m e  t o  ba repor ted   separa te ly  as 
Pert I1 of "An Analyela of Graphfa- Aeoords of P i l o t  Parformanee Obtahed 
by Means of t h e  R-S Ri4e Ileaorder," 

.. . 
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e. Turn urouer: the  5piOtiOn between o&rg and peoovery, i ,&*# 
t h e  s e d i o n  betweeaa t h e  f i m t  stable peak or plateau i n  the 

s t a b l e  peak or plateau  before  t h e   terminating signal. 
load' f eo to r   t r aoa  dtsr the beginning e & n d  and the lset  

2, Seven ~sp&te  of performme were considered in making the   que l l -  
t a t ivo  reedings and in ar r i r ia  & ratinLn&as2s 

a- "Over-all" f l u e t u a t i o n   i n  bank during the t 'xn  propago 

be Deviation of average bank fromthhl  prasoribed b w k  duriag 
the   tu rn   p roper .  

e o  Interndt tezd ("aide-by-sicle") Fluctuations in "propern 
back during t h e  turn pragor. 

d. h t e r a l  belansa. 

e o  Hitting t h e  prop-waah (wlip-n-tream) e 

Po Length an3 etsp- l ike aharsrntss of the e n t r y .  

g, Length s a d  a tcp - l i t e  obsraoter o f  ths reooeerp. 



.. . 

.. 

bsnk valuo?g by %ddU.p *.b average WAS& o f  s l i p  and e?a8tstt&*- 
ing t h e  average extent o f  &ide  T h i s  value wim t h e n  subtsootad 
Iran 600 i n  ardor t o  rbtain t h e  devi& fan frm the   preeoribcd 
bank. This pronaduro waa var ied  amewhat i n  t h a t  if the svbjeot'e 

t o r  Would o a t h t o   d e v i a t i o n s  from proscribed bauk during f raa-  
bank f lus tua ted  around no f a i r l y  well defined  mid..pointr  tho ra- 

t i o m l  divfaicna of t he  t u r n  propero For exsmplo, i f  t h e  rater 
thought  that  an e d i a a t e  of 150 average deviation did  not  give 

would note it a perhapa, as a doviafion of 00 during  one-thirdr lSo 
n tmQ piaturs of t he   dev ia t ion  owing t o  nrrkad inoonsistenay he 

during  ono-thbd,  and 308 durfag  oue-third., 

0. 

gn) i n  "proper" bank at 
ars defined as etep- 

e a t b a t e  o f  t h e  average of theas f luotuat iona vas oMainsd i n  t h e  , 
nuooesaive t h  in te rva ls   th roughout   tho  tu rn  prqpor. A rough 

f olloring meaner 8 

The rn te r  o m a i d e r o d   t h e   h a d  faator t r a o e  t o  bo marked off i n  
i u to rva le  d .Os inahae (2 sooonda).31 He t h e n  "rm through"  tho 

i n  t h e  F-oadinge o f  "propar" bank from i n t e r v a l   t o  intervalu R~PJ. 
"turn prop="  ssotion of the turn,  estimated  step-wiae  devint lone 

@ a t b a t e d  an avarago.  The  rough estimate t h u a  okteinsd reprsaeds 
intWI&teII% or aidw=by-aido f l u a t u a t t n s  i n  'proper* bank. 

de a It w i l l  be reoallsd that the  lof ' t -ving-loo ani 
right-wing-low t raoea  treated in  conjunotion give atrsroe whioh 
for practical   purposea nay be regarded as einrilar t o  the  doviap 
t i o n  of tdm b a l l  i n  t h e  standard ball-bank indioator  frcm i ts  

t h e  olctsrrt and lmpcrtance of l a t e r a l  imbalanoo are t h u s  baaed on 
rero posikiun, "pl&ted" against time. The rater's judgmede of 

data analogous t o  thoem oomnonly used by t h e   i n s t r u c t o r s  f P  Rp- 
praise lateral imbahms during flighto Rating8 o f  l d e r a t  ira- 
balanoe were Qbtabsd  aeparlstely for  t h e  e d r y ,  turn propor, rend 

ping  and  slddding.in eaoh seetion. 
reaovosy. !The mator  judged the  O X b O l d  and seriousness Of S l i p -  

00 
prop-rmah upon th t ,  completion of t h e  firth 3600 of a 720O t u rn  :E 
an ind ios t ion  of oxeel lent   psrformnoo of  t h o   f i r s t  360Q~ in that 
t h i s   s s a t i o n   o f  tho  t u r n  was oarr ied  through  with  negl igible  

noted  thaae cas08 of h i t t i n g  the prop-wash  whioh he aould ideutify 
ohanga i n  s l t i t u d e p  and approxbmted I perfect  o i ro lo .  The ratm 

from the recorda end took aocount of t h i e . f a a t  in m a k i n g  his  final^ 

8 It i s  commonly aaoeptsd tha t  h i t t i n g  t h a  

' r a t i n g 2 2  - ~---- ~ .,~.._._I._ -, 

30 A ~ U I  r a t h e r  ttmn "proper" bank wae usod i n  a and for reaeons ex- 
01.111.6 on 23, . h ioh  o l e 0  iadioater t h e  treatUOllt Of errore Qriaiw O& 
of t h i s  prooedure. 

3 l  Tha hor i ron ta l  ohart  male ie marked in t e n t h s  of inoheel t h u s  t h i s  estii- 
mate me faoi l i ta td .  

32 Hot dl eaeee ' o f  moountoring t h o  prop-vaeh oan be i d e n t i f i e d  fram t h e  reo- .~ 

more ooopletr  dieoursion i e  presented in t h e  g U D ~ l a  
orda. A ehort dieouseion of t h i s  d i f f i o u l t y  i r  prorented on ga(ge29, aad e ~. ~ 

mental k 1 - 9  pg.0 ~~ L68-t;~~ 
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the  e n t r y . v i l l   e l a a y a  tend t o  iraprove the  proficiency-judgment 
=de of over-all  f luc tua t ion  ir, baak, in te rn i t ten t   f luc t raa t ion  
i n  bank, and deviat ion sf %he probar batik a t t a i n e d  from t h e  
prescribed b ~ d f  w h i l e ,  st t h e  s m e  time, t h e  judgment of pro- 
f i c i m c y  o f  ent ry  with rmphrrt to length and step-l ike  charactor  
is a d ~ r r e l y  tiffeatad. Convemely, selection of a later {and 
lower) paint fin the orig ic  of t h e  racavsry rill alvaya  tend t o  
lower ths   p rof ic ianay   judment  mRde of these three bank items, 
*hila at t h a  same time it w i l l  raias t he  proPi.eienoy judgment 
lnads o f  t k e  ian&1 ard. step-like cheraoter o f  t h s  reoovery. 
Whenever arnbiguoua cas5s) mroh ma t h e e  i l l u e t r a t o d ,  ware en- 
eountered, due aoco:mt was takcrn cP the above f ac t s .  Thus, 
even if d i f f e ren t   s epa ra t ion  points  were se l ec t ad  oc suoasaoive ~~ 

r e a d i n g ,   t h e  p o a s i b i L i t y  m o  kncm  and coneidered i n  leaking 
ra t ings.  This eompenrmhLsg procedure, while minimizing t h e  

t h s l e s s  1uoreassa the d i f f i c u l t y  o f  aasfgning an approprfeta 
pasuible  offeat@  of  the  ambiguity  roaring for variat ion,  aavar- 

over-al l  rating i n  ouch cnaee. 

.. . 

. ,  
i 

~~ 
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2. Gonaldara%ion &ST t,hsea biason,  ad diacuasod in & ~ ~ - & E D s  r e s u l t e d  i n  
the  oon0lusion that the f indings of' t h e  saual,la qUalitatiV'3  aralyaia W e  
neglieibly  influsilaed bf tha  above  Bourwfl o f  bias .  with  the  posmible 
exoeptdon of ampariaona between early r a t l n g a  and repeat ratings by the 
a m  method. T ~ B  passiblo influenos of bias i n  suoh t e a t - r e t e s t  relia- 
b i l i t y  aomperlsons f a  disouaasd i n  the sootion on t b r d t s r  pagss 42-43. 
Dieoweion   o f thaee  BOWQOB of biaa believed t o  be negl ig ib le  i e  found 
i l l  

E. &lation Between t h e  -1.2 Rating  Methods 

1. Although a l l  t h e  items l i g t a n  and disouar%@d On pages 21-241 inolus lvee  

Dvmoriotion  Shed rating loethuda, it mas or ig ina l ly   in tended  that  t h e  
a8 h e e a  of r a t i n g  w~r6 t o  ba uaed i n  both t h a  Data  Sheet  and General 

Gsrrcarab D@Borio'cim Sheets  would c o n t a i n   l i t t l e   d e t a i l  and that  t h e  

Data She.te  would  +nvolve a more de ta i l ed   ana lys i s  with rough qwntifi- 
judgment# would ba noted i n  gene ra l   deso r ip t ive   t e rnas  while use of t h e  

c a t i o n  of t h e  data. It W E 6  fwrthermore  aaemed t h a t  t h e  prooesa of 

more time than vorbe l   desar lp t ion  o f  thqae  tiema. 
making rough quant i i ioat iuna would be mors d i i f l a u l t  and m u l d  regulre 

2. These aaaumptfone were borne out i n  t h o  oaae of Item d (lateral im- 
balanoe)  and  length and steplike aharacter of ent ry  and 

aotual ly   required less  time and t h a t  it was seaentially an eaaisr t a s k  
reoovery) . t h  method8  soon revealed, however) t h a t  i t  

t o  reoord rough quantifioationa of bank i teme (-D b~ and 2) t h a n  
t o  omploy verbal  desmiptiorra,  Suoh rough  qutmtifioationa of bank 

as  well as in aomplcting  the &to .Sheat.?O h other words,  early i n  
items were t he ra fo ra  used i n  oompleting the   Qone~al   Desor iDt ion   Shee t  

t h e  0cur.e o f  the   qua l i ta t iv . re   ana lyr i s r  t h e r e  8ame about a merging of 
t h e  t w o  method., w i th   t he  result that t h e  method involving use of t h e  

eru ipom t h e  method i n v o l v k g  use of t h e  Gnnaral Des- 
i n  on ly   the  following respcutsl 

a. On t h e  Sheat-, aetimatea o f  d i p p i n g  and  skidding (item d)  
were a%preseed ae rsugh q u a r k i f h a t i o n s  io tarma of chart seal. 
u n i t e ,  while a verbal etatement wee employed on the   Genera l  Dercr+ 
$&!&.&& 

bo  Rough mmeur*emsnts o f  t h e  lan@h of t h e  manau~er ,  errtry, t u r n  pro- 
per, and reuocoery wore made on t h e  k t E  
t h e  -ml Deaorir4.ion &&I&. These  timo  maasurements were made 
primari ly  for use i n  evnluating t h e  reoord with roepaot t o  Itorno I 
and g (Laogth and  s tepl ike  oharacter  of the  en t ry  and r eowsry ,  re- 

she&, and WePo Omitted on 
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A e  k b e l i w  

1. The qua l i t a t ive   ana lys i s   r e su l t ed  i n  s i x  sets of r a t i n g s   i d e n t i f i e d  
i n   t h e  boXlowing dbouse ion  ae Series  300-De-1, Jsries 200-0d-ia 

ep=a,'* These code  numbers are in te rpre ted  a% f o l l o r s r  1 

Series 30Cl4d-1, Series 200-Us-1, Series 100-De-2, and %riea 300- 

a. TI10 first d i g i t   i n d i c a t e s   t h e  order O f  t h e  f l i g h t .  S-WiOe 
"200" repreeents t h e  second F1iah.t Gl End 9eriee "300" t h e  

s a r i a s  ne shown i n  Chs protocols i n  ADpendix A) are ident i -  
f i e d  by t h e  nea3 two d i g i t s .  
third Y- . Reaorda of i nd iv idua l   p i lo t s  i n  any g i V m  

h. The two let ters ind ica te  t h e  type of r a t i n g  method used. "Da" 
repreaente UBO of t h e  Datn Sheet  and "(M" w e  o f f h e  General 
DOsOPiutiQrI S h a d e  

0 .  Ths f-1 d i g i t  ("I* or "2") ilrdioatee t h e  f i r s t  or aeooad 
reading o f  t h a   s e r i e s   b y . t h e  specified method. 

2. Aooording t o  t h e  above oadlng method, ;ode No. 310-06-2 would be 
in te rpre ted  as t n a   t h i r d  night C l r  jubjozt  h. 10, COtIeral Des- 
cription Sheet - second raadlng. 

B, Sta t ie t ioa l  Treatme& 

1. The a i x  sets of data  ohtnined by t h e  ra+ing procedure were  t8tudied 
i n  ordpr t o  detctrmina8 
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i n   t h e  contingeaoy table rennin && from  eample t o  
s ion  t h a t  t h e  m r g i n a l  aubtato.18 of sech row and C o l u m n  

u t i l i t y  of t h e  E value  baaed on t h i e   va luo  of g. 
sample and that t h i s  r a c t   r e s u l t s  in a r e s t r i c t e d  

S p e c i f i c a l l y ,   t h i s  E value refera not t o  random 
samplea of t h e  eama & but only t o  t h a t  series of 
samples of  t h e  enme 1 i n  whioh~   t he   wrg ina l   sub to ta l s  
rsmain conatant 

( 2 )  19 it i s  des i red   to   cons ider  a aeries of ample8  i n  
nhioh t h e  marginal   subtotala  of bo th   d i s t r ibu t ions  
are free t o  vary frrsn sample t o  sample,. i .0 .  I t h e .  

ber of o e l l e  minus 1. Here t h e  one degree of freedom 
general  cam, t h e  value of a is e q u a l   t o   t h e   t o t a l  nun- 

is abeorbsd by t h e  total  population. 

(3 )  In thir2Btudy it not thought  deairable io inter-  
p r e t  X and 9 i n  terms of t h a t  value  obtained 
uairig a (k - 1 )  (5, - 1). I n  comparisons, one c r  
both sets of variates me dia t r ibu t ions  o f  ra t ings .  

( a )  To uee the  value  of  : (h  - 1 (5 - 1) i n  t h e  
, \  

oaee af m comparison  betreen two d i a t r i h t i o n e  
o f  ratings would entail t h e  'provieion t h a t  t h e  

of d i e t r i b u t i o n  ( i . e .#  t h e  marginal aub- 
freqQaaoy i n  eaoh category of  t h e  r a t ing   aoa le  

t o t a l a  of eaOh d i s t r i b u t i o n )  would remain f ixed  
from sample t o  sample, For examplep the   va lue  
o f  2 aorreaponding t o  : 16 b e a s ,  - 1 timea 
L - 11, i n   t h e  oase of a 5x5 t a b l e  between sets 
of ratings indica tee   the   a igni f ioanoe  of the  
ansociation  between  only  thoee  emplea o f  rat- 
ings of t h e  p w t i o u l a r   f l i g h t  i u  whiah t h e   r a t e r  
90 o l a a e i f i e d   t h e  porfor!nanaee t h a t  t h e  number 
fdliq&&&Q ewh O S t O K O Z V  
would be t h e  same, sample after sample, for eaoh 

of   the   ra t inp .  scale 

respec t ive  m d o d  of ra t ing .  It does  indi- 

t h o s e   s e t s  of ratings i n  which t h e  rater might 
cats t h a   s i g n i f i m n c e  of the  aaeociation  between 

plnoe a number i n  eaoh  qetegory  diffemnt from 

inge for which 2 was oomputed. 
, t h e  number he p l  aed i n  eaoh o f  t h e  s e t s  of rst- 

(b) To uae   t he  value of 9 z (k-1) (~-1) i n  t h e  case 
o f  n oomparison between a est  of  ra t ings  and a 

P i l o t  Status   Index w u l d  similarly e n t a i l   t h e  
d i a t r ibu t ion  of the   subjects   acoordinE t o  e i t h e r  

provision t h a t  the frequency i n  each 





. . ;  
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Tabla 4, 

4. E I 

Comparisons made by means of Z by 2 oontinb;sreoy tablea  
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~ ' W N Z ~ W ~ ~ Q ~ S ~  0 :troclrrect rsoollocthooa, and 1.5 non-reool- 
laaf ions .  

h a  The oorreut   reool leot ion o f  previously  aeaipyed  ratings i e  
I t e e l f  open t o   d ive rgen t   i n t e rp re t a t ions  , however. I n  erne 
oases, t h e  reool lec t ion  may aatually be due t o  the s t a b i l i t y  
of t h e  method of r a t i n g ,   f o r  a ooneistmt  praoedure i n  
r a t i n g  a g i v e n  raoord msy itself be the olue  prompting  reoall  
of a prelrioualy  asrignod  rating. In some inatanoee, alaos 
t h e  r eoo l l ea t ion  of a previous  rating  could  hardly  have in- 
fluenced an aos igned   mt ing  beoauee the   ra r igned  ra t ing 188 

."fit" the  oatcgoriee of t h e  scale so well t h a t  there   aould 
obvious. Among suoh oases are t h e  reXtreme" r a t i n g s ,  whioh 

hardly be any  diaplaoement from reading t o  reading, e.gnD 
"Very Good" t u r n s   i n  whioh the  subject  maintained a oonais- 

vould  indicateo 
t h a t   t h e  bias did  not  operate eo extensively a a  Table 5 
t en t  bank M d  h i t  h i e  prop-rash. It seems l i k e l y ,   t h e r e f o r e ,  

g,fitss a lrrpao of time of t h e  #rima f l k h t  by t h e  tlame method also proves t o  be 
&&ti&*rlqally consistent.  While it has  seemed des i r ab le  t o  disouss t he   poss ib l e  
offsot  of mowinn familiarity with  the reoorde uuon the  consietency of re-ratinE 
bv t h e  Sam0 methods it never the leas   seem  poss ib le   to   oonalude   tha t   the  DmsumD- 

4. Comnarisona of Ratings bv &oh Method v i t h  Other  Fliaht PerformMoe 
Critoriq 

am greatrnent O f  t h e  Ohio a t a t e  Cheok L i E t  

It m a  or ig ina l ly  intended t o  oompare r a t ings  with c r i t e r i o n  
data obtained from LL ecoring  of  the  appropriate  sheet of t h e  
Ohio S t a t e  Gheak List whioh tho   adminis te r ing   inmtruc tor   f i l l ed  
i n  dur ing   t he   f l i gh t .  Bedauoe of oniesions i n  oomoleting  the 
Ohio State :heck L l o t ,  however, and f o r  other reasons   s ta ted  
f u l l y  in AoosndFx E p  it prose3 irnposclble t o  use t h e  Ohio S ta t e  
Cheok L i s t  da ta   for   c r i te r ion   purposeee  

b, The P i l o t  S ta tue   Ind icea  

(1) The data  finally used t o  supply external cr i te r ia   inc lude :  
(a] t h e   l i c e n s e   s t a t u e  of the  sub.iect ( 1 . e . p  whether  stu- 

time of t h a   e u b j e c t   i n   t h e  Aeronaa tandem t r a i n e r   ( t h e  
dent ,  p lva te ,  p i l o t  or i n s t r u c t o r )  and  (b) t h e  f l y i n g  

tes t  a i rp lane) .   P i lo t   S ta tus   Ind ioea  vere developed from 
t h e s e   d a t a ,  which are presented i n  Table 1, pagea 125-127 
Exhibit  I o  







.. 

ND = Not derivablo . .  

The oolumn headed o@ givie values of the corrected mean square 

7 

2 

oontingenoy. Theme values wera inoludsd  to  indioate  the reason that  
oertain  oorrected 2 values csuid  not be detivrdr whenever the  correoled 
mean equare oontingenoy i a  negative, the  oorrected C oannot be derived 
beoauae the  negative  value i s  found under a radical .  I 

: I 

In the oaae o f  eaah oompnrison o f  aeotiona B and D of t h i s  table, the 1 I 

than 5.0, the  theoretical  frequenoies of the  remaining ael le  being yreater 
theoretioal frequenoy of one or W o  oel ls  of the  oontingency  table i e  less 

than 5.0. I 

I 

i 
I_ 



I 
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62 

(1) The only evidence o f  a aignlflornt mlstionahip between 
rntinge 6f flight  perfonnanoe  and  pilot statua (am shorn 
by the  P i l c t  Status Indices)  i s  Co be found i n  t h e  t a d  
that  iLL rea! C valuos are poai t ive.  

'r2) It is  not possible t o  evsluate t h l a  f e a t  preoiselypr tams 
.dl 

since ".e sets of  ratings me intordependent. (see a of prebsb i l i t y  by agplioaticn of t h e  probabi l i ty-~binominl t  

g m d  1.1 
(31 h s p i t s   t h o  intsrdspsadenoo of t h e  vote o f  r a t i n g s ,  t h e  

fE& that 
aumptlve d d e n o o  p o i a t i w  t o  the existonos of a poai t ive  
aasoc!.at.+,ion62 be tawn  the q u a l i t a t i v e  rating8 a n d  r1ydng 
sxpriaaoe of tho   subjeo ta  o f  M order t h a t  i s  not  revealed 
t o  be signlfiam+, i n  t a m e  of valueu derived from t h e  treat- 

row mluse are positive oonet i tutes   pre-  

Thors are eawrd inotsncse o f  noa-derivable oorreoted $ values. dhsn a 

iaasnuoh as t h e  nrrgatlva p a h a  o f  oorreoted  p'indioates that t h e  possible 
oorrected C value is not derivable,  a new 0 o r e l a t i o n  is indicated,  

"ohaaoe' aontr ibut ion o f  t h e  finoneas o f  the t abu la r   o l aas i f ioa t iona   t o  
t h s  a o r r e h t i o n  IE p,reater  than  the  obteinad raw valur.  

This feat doea nzt n+aoessarily k d i o a t e  t h a t  =&Q& raw 0 ooneidered repre- 
ernts  a r a d  pos i t ive   assooie t ion  betwflsn th0  two sets of variates. It 
im evidenoe, hwever. t ha t   pos i t i ve   a saoo ia t ioc  exists i n  at l e a s t  erne 
of' the aeaee. 





&arb Prcpn t h e  iaf:uanea 57 t h e  anall nutnbes ~f aaeeeg 
the nun-signifiaaaae of amooia t ioa  m y  be n t t r l b u t a ' b l a   t o  
i!qerfeotione i n  both  the  mehods of r a t i n g  and t o  the 

The exkant t o  rh ioh  t h e  bok of signifioavlt aseooiat ion 
P i l o t  'Status Indices as mans of expressing p i l o t  s k i l l .  

o m  be a t t r i b u t e d   t o  the method of rating or t o   t h e  P i  o t  
Stntue  Indiaee OR~BIO~ bo i eo la tad  frm these msults.6 t 
However, t h e  fol loring faotn mag be of i n t e r e s t  i n  t h e  
aonaideration of Table 41 

Coqnriaon of t h e  p valuee  for   omputat ions  involving 
Pllat Status Index 1 w i t h  t he  p values for  oorresponding 
aomputatione  involving shown that, 

(Footnote 63 Continued) 
6. Monover,  even if a y r t i o u l a r  s e t  of r a t i n g s  is  no t   t ru ly  rspresenta- 

ti- of the  parent population of r a t i n g a ,   t h i e  fact might be in fe r r ed  from mn 
examination of anothr r  set of r a t inge  o f  the  anme p e r f o m n o e e  (made  by mother 

t ha t  i n  T- and f t h e  n s u l t e  obtained by ratiw t h e  arms p'erformanoee by 
method or by n h p e a t  r m d i a g  af t h e  reoorde by the ume nubhod)* The faad 

two different methods - and i n  the  oam of t h e  t h i r d   P l i g h t ,  on hro d i f f e rou t  
oooaeiona .. aro s u b s t a n t i a l l y  t h e  a m ,  indicates t h a t  theee  omall @yfples &re 
t ru ly   r ep resen ta t ive  of the  parent  populations of ratings. Otherrinep if any 
one ant o f  r a t ings  were a 'freak" samplo~  e.&, one w o u l d  expect   dif fer ing re- 
sults i n  t h e  oaee of cornparisms invnlving % methodo of r a t h g  OF. succemoive 
ra t ings .  

7. This in te rna l   ohmk on t h e  repreoentat ive  ohsraotor  of t h e  La11 sample 
i s  not posdble in t h e  oaoe of t h e   P i l o t   S t a t u s  Indioes, hfmever. &oh P i l o t  

f rom 8 paront  populatien of p i l o t s .  From the  dnta  at  hand, there is  no m y  t o  
%&ua  Index i s  only samplo of flying  experienoe of a group of p i l o t s  drawn 

t a t i v e  of t h e  parent  populution w i t h  respeut t o   f l y i n g  arrperianoe. 
s t a t e  d e f l n l t i v e l y  the extent  t o  which t h i s  d l  asap10 o f  p i l o t s  i o  reproeen- 

6%t h o u l d  be mted t h u t  t h e w  roeul to  do  not   moessar i ly   Indioate  a k o k  of val id-  
i t y  of t h e   q u a l i t a t i v e  d i n g s  as (L manure of p i l o t  performanoo  beoaunr8 

l o  The P i l o t  S ta tus   Ind ices  we themselver groes o r i t a r i a .  

2. The rating. @e themselver estimate0 wNoh involve comparison of t h e  
obuonred  performanoes, as reoorded i n  t h e  t raoeo  of t h o  R-5 Ride RBocrdu o h a r t s  
T i t h  t h e  optimr\l gerforaanos whioh would produoe t t a O E S  of form  ddormfned 
bo the aerodynamic ohemwtmistim of t h e  presoribrd  mneuverj   henor ' they have 
come POLIRVa Of idOFg?l t  va l id t ty .  SUiUoh v a l i d i t y  dght be denominated  'phynioal 

PhYsi-1 arrpodr of t h e  aerformanoe (&nz and lateral balaoos)p i n  uontrast t o  
va l fd i tp ,"   ind ioe t ing  th& t h e   r a t i n g s  are daaoript ive of t h e  mait of o e r t d n  

ternal o r i t o r l a ,  suoh na t h o  Pgl&  Status  Indioee.  

11 O%at is f ioa l   ml id i tys '  d i a h  nferr t o  t h e  eesooiat ion of t h e   r a t i n g s  d t h  OX- 



-51- 





3 c  

tual &A& at MY point raquires  tha  nnyohromiration of the   load  
h d o r  tram w i t h   t h a   l a t e r a l  bbalanua l inasg  mmking tva road- 
iaga,  one of load baotor and  the  other  o f  s l i p  or s k i d #  and 1 

performing an addi t ion  or subtrastion t.o obtaln  .the  aotual bank 
ralue. To dQ$asmine t h e  'proper"  bank a$ any p o i n t r  only t h e  
load  dautor %moo need be read. The only mathematical operation 
i a  t o   o o n w r t  t h i a  readins into a vallre of "proper' bank. Thia 
operat ion m i g h t  be omitted if %ha Qhart 6 ~ a l e  were graduated t o  
show "proper" bank 'In degrees  rather  than  load fafior.  

If an i n s t ruo to r  n o t a d   & t h e  seven i t e m  ~ p l o y e d  i n   t h i e  

an o s t h b  of 2 OF 3 mlnwtea for a OtPSplSt8 ovd..uation of the 
study, using valuafi of "proper' bank t o  obtain Itsma a and b, 

perfomanare om t h s  power t u r n  l a  not  unduly optimistlo,  If ha 

These estima%sm aro E I S ~ ~ ,  o f  Qourso, with the  prod60 t h a t  tho 
shots not to reoord h i e  obetlrvationn t h e  t b o  would be man less. 

imstruotor thorcubly l e m n  the m&hod, and with  the  Purther 
proviso that, he boooma wry proficisnt in aonverting  Baals  velues 

t h i o  por t ion  of t h e  ohart &e a l t e r e d  t o  lndio&e diraotly t h e  
of load Paator Into valuee af  %roper* bhkr or t h a t   t h e   s o a l s  oP 

angle of "propw" bank. With 8 povsibXe  short-out  aid i n  t h e  
t o m  of a p a t t e r n  soals m d  mamal, tlas time would be avmn fur ther  
redwcd,  

~~ 5 







-5'1- 

P R E F A C E S  PLATES la. Ib. 11. 111, acd IVa-IVa. 

Them plates are   aOtua~-e ias   photos ta t ic   raproduct ione  Of H-5 Ride  Reoorder 
orde of maneuvers of the  University o f  Pennsylvania etarrdar.d f l i g h t  C1, f l o m  
~n neronca tandem trainer, model p T L ,  

- 

h* p w r  t u r n  or ths 72Qo r i g h t  pcwer t u r n  QE mleoted  out  of  the  complete 
I n  t h e  c m e  ob eaoh p l a t e ,  at tent ion  1s oentered upon the   record  o f  t h e  T20° 

ord o f  Stazzdard F l i g h t  Cl. b c o r d a  of t h e  whole o r  a port ion of other  WQOU- 

8, hose'ver, m y  be included cn eaoh  plate, The mansuvere are i d e n t i f i e d  by 

f e r  Each p l a t e  roay oontain  rnoords o f  the   #hole  or a port ion of the  ful lowing 
code number appearing st the. i n i t i a l  eigkanal of eaoh on t h e  signal marker 

euvera (in t h e  order a p p e a r h q  on t h e  rooard from loft t o  right ) I  

Maneuver 
No 0 

B A transition mknuuver ( : . 0 .#  a msneuvsr f o r  rhich t h o   a t t i t u d e  

not used t o   i n d i o a t a   t h e  proiicienay of the. p i l o t ) .  In t h i a  
of t he   a i rp l ane  i e  not prascribnd, and t h e  record o f  which I s  

truneition maneuverI the p l . l o t   a t t a ined  an a l t i t u d e   n u i t a b l e  
for porfomina:  the  poser turns. (The l a t t e r  -Be doee  not 
nppmr on any plate, since t h o   i n i t i a l  signal ob t h e  mneuver 
i o  not  inoLuded on any  late. 1 

6 ' /ZOO l e f t  power t w n .  Praecribed  baaka 600.  

I Short otral,&ht, an& l eve l  reso-rsry f l i g h t .  

8 'f2@' right power t u r n .   P r s o ~ r i b s d  b m k r  60'. 

c A t r a n s i t i o n  IIIB~~OU'YUP f o r   g e t t i n y  tha  airplane  into  proper  poni- 
t i e n  wkth referenos t o  t h e  ground f o r  execut ing  the suaoeeding 
(numberad) o t i t i o a l  mncuvr;r. 

maneuvers follow eaeh other In larmsdiate succession. Henos t he  i n i t i d  
nal Of 8, given   mnsuver . ie   a la0   tho  terminal a P g n d  02 t h e  prsoeding maneuver. . 
On each p l a t e ,  barrad was, reprasanting t h e  marks on a transparent  aynchron- 

ng scale,  used i n  reading the recorda, h a w  been inserted. In the   case o f  ea& 
&e,  except P h t e  11. %has6 ares  8erva to i nd lca t e   t he  beginning and and of the 
3 right power turn (maneuver 8). Btgneuuer 8 begins at the   i n t e reac t ioa  o f  oaoh 
6 0  with i t e  oorsespoding barred &PC laarken '%gin" and  ends at t h e  interooo- 
p. of eaoh t rooe  with  3te corresponding bsrred a ra   mrked  "End", The s igni f l -  
%e QP the  arc@ insel-eed an p3.ata 11 13 sxpleinad i n  t h e  logend o f  tha t   p la t s .  
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PLATES - I1 AND -9 111 

-- P h t e  I1 FUuetrates   cer ta in   diff icul t ies   encoytered in treating the R-S Ride  Recorder 
records of 7200 porrer 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 

a rb i t r a r j l y  designated Ilturn  properll in the qualitative analysis 
(3) Ambiguity of initial and te-1 points of  a man%uver h e n  signals are missing 
( 4 )  Liability of quaUtatim ratings of right 720° parer turns t o  a halo effect  due 

to  juxtaposit ion of t h e   l e f t  turn on the record 
These d i f f i c u l t b e  are discussed in de ta i l  in the main Report & Supplemental Report. 

by the Inserted barred arcs. Mtlal signals are lacking  for rasnemr 8 and transition 
The begiMing snd end of t he   l e f t  7200 pcmer turn (manewer 6 )  of P l a t e  I1 are denoted 

maneuver C. The assumed beginning and end of m e u v e r  8 are therefore  indicated by the 
arcs on whtch a m  superposed small circles .  

-respects, but poor in others, making dl f f icu l t   the  assignment of a satisfactory 
Plate - I11 l a  the record  of a right 720O p a r  turn which is 0utstandFngly good in c e p  

qualitative ra t ing   to   the  performance. This di f f icu l ty  is discussed in de ta l l  in the 
main Report. 



PLATE V 
THE R-S RIDE RECORDER 

Airplane  Rear 

Airplane Front 

meter, (i.e., the  load f a d o r  indlcator),  which is enclosed by housing (10). and the  pitch-and- 
longitudinal-acceleration pendulum,  which  hangs below pendulums (8) and (9) a r e  not visible 
i n  thls view. The visible  parts are identified as follows: 

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

1. 

2. 

3. 

4. 

5. 

6. 

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. 

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

Stylus for  recording  aileron movement, 
actuated by double  solenoid  immediately 
above and to the rear  

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

Pltch-and-longitudinal-acceleratlon 
recording  stylus,  actuated by movement 

pendulums (8) and (9) and free  to swing 
of a pendulum suspended  underneath 

only in the  longitudinal  plane 

P h o t o g r a p h  b y  c o u r t e s y  of t h e   I m p a c t  Rf 

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

8. Left-wing-low  pendulum 

9. Right-wing-low  pendulum 

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

11. Spirit  level 

12. Housing of spring-wound  clockwork 

13. Supply roller 

14. Timing roller 

15. Receiving roller 

16. Hinges for detachable  cover 

17. Aluminum ears  with holes  for  securing 
Recorder in airplane 

: g i a t e r  C o m p a n y ,  C h a m p a i g n .  I l l i n o i a  
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3.  Fluctuations i n  bank 
a. Angle o f  bank nearly eons tan t  
b o  Angle o f  bank fairly oonstant  
0 .  Angle of bank very variable 
d. Angle of barrk extremely  var iable  
e*  Sine-by-aide  (etepsrlae)  Pluatuations averaga approximately 

f. Overa l l   f l ua tun t ion  (from smallest degroe of bank to   1e rgeRt )a  
- 2 degree0  (absolute ,  i . e . ,  v i t h o u t  regard t o  s i g n )  

g. H i t  prop-arwah No (H. B. Fluctuatione in bank due t o  b i t t i n g  
approximately 2 dsgraee.  

prop-mash are n o t   t o  be cona5,derad i n  making t h e  above 
ra t in@) . 

- x 

2. Aooureo er bank x* o f  t h o  maneuver, bank about  degreea. 
b., Attained 600 Bank mad held it during 0 ( f r a c t i o n )  of mansu= 

ver. 
Did n o t  a t ta in  660 bank X a 

a. Ov6rbanked a p p s o x i ~ t e ~ y  __ degrees  (average)  during 

d ,  Underbanked a p p r a x i m t d y  10 dagreea (average)  dur?ng 
about a l l  ( f r a c t i o n )  of man*uvero 

about 172 ( f r e a t i o n )  or m d n e l d v e s s ( ~  

(N. E.. Deviations from 60° benk due t o  h i t t i n g  prop-meh ere not 
-- 16O during 1/2)* 

t o  be aonaidsred in making the above judgment.) 

8 .  lateral  imbalance 
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n. Angle of  bank  nearly oonstant 
b. h l g e  of  bank fa i r ly   cons tan t  

d. Angle of baqk extremely  variable - X 
e. Angle o f  bank very  variabla 

e *  Side-by-eidr  fluctuation#  arerage  spproximate1.y _3 degrees (ab- 

f. Over-all  fluatuationa  (from smallsrt degree of bank t o  l a r g e s t ) ;  

g. H i t  prop-washJo(N.B.  Pluotuation. i n  bank &us  t o   h i t t i n g  prop- 

eolute ,  e.i .  without regard t o  sign)  

a p p r o r i m s t e l y 2 5 d e g r e e a .  

uaah  are  not  to  be  oonsidered i n  making t h e  above ratings.) 

2.  Aocuraay of bank 

a. 
b.. 

0. 

d. 

During moat o f  t h e  mansuver, gank about 34 degree.. 
Attained 60° bank and heid it dur ing   about   ( fmct ion)  of 
mmuvor .  
Did not mttain bo0 bank X 
3verbanked appro xi mat el^ degree8 (average) during about 

a l l  ( f rau t ion)  o f  maneuvere 
Underbanked approximately 25 degree6 (average) during about 

1/2 ( f rao t ion)  of maneuver, (15' during 1/4 loo during 1/4) 
(N-0. liovlationo from 600 bank  duo t o   h i t t i n g  prop ;yash are n o t   t o  be 

~considsred i n  making t h e  above  judgment.) 

E. Lateral irnbalsnoa 

1. Slipping  (right-iring-low) 

Beyond 2nd chart spaco 

2. Skidding.  (left-wing-low) 

Between l e t  and 2nd chart  

~~ 

~ . . ~ 

. . ' .~ ,~~ .~ ,. ... . , 



! 



i 

-. . . .  
~~ 
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I Exh 0 nt 
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. 









Fair - shed   o l ip  on entry, short i n  duration, Throvghout turn, prolonged 
d n o r  s l ipping,   oegl ig ib la .  Uinor & i d  iollowsd by prolonged slight s l i p ,  h a t -  
fag several  ssoonde into   trans i t ion  ~raneuve~  C, on reoorery. 

Entry rather slow and s t e p - l i b .  Kaaovery aoro rripid, stepa  not pronounced, 

Over-all f luctuation in bank about i40, had faotur markrd mith pea.ka Rnd 
plateaus.  Side-by-aide  fluotuatims would probably avorage around 2 O  - 3 0 .  
Bank-fluctuates around about 3T0 aa midpoint. Fluotuation  gradual  but  continu- 
ous. Bank higher than 400 only onoe) and then only 44Q, Rrenteurish psrfonnanoe. 

OVER-ALL RATIMI: MOR 





covery. Fair-oimd ehort  &id on recovery, heturnins t o  BPOO-lina at final sig- 
nal.  Rather ragged, but not very b ld .  

Minor sho r t   sk id  on ent ry  followed by prc longed   s l igh t   s l ip   s%teuding  t o  r e p  

Both antry  and  maovery  sl ightly  slow, rlth steps.  

lar, but shovs continuour, gradual f luctuat ion.  FlreU, h a l f  sf cume ovar 45", mea- 
wer-all f luc tua t ion  abed 80 - 9"i from 410 t o  490. b a d  f a O t O r  trace rogu- 

ond hald belm 4 5 O ,  whtoh in approximate averags. Side-by-aids f luc tua t ions  about 
l o  on t h e  everaga* ,- 

OVER-ALL RATING8 AVERAFE 
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For  Plate IVg 

CIEiVXFAL DESCKIFTION SHEET FOR QUALITATIVE ANALYSIS OF TULANE STANDARD 
FUWT RECORI)S, 5WaaER 1940 

Lanauverr '7200 RIGHT FCYYER TURN AT 600 BANK Ins tumen t :  R-3 RID5 RECORDER 

:ode no. 328-, Gd - 1 - T i t l o  of F l igh t  C 1 Houret Dun1 - 
iame No. 02 Fl ight  3 solo -- 
lroup I Weather nnAIat ions aone 

meed w i t h  inbermit tent  minor sk idd in%.  Short minor ahid  on recovery. Usuaual 
iarfarnaance i n  t h i s  reepeot. 

Short d n o r   s l i p ,  followed  by period of' balance on ontry. Turn  mostly bal- 

Entry rather S ~ O V ,  with ~ % . t e p ~ .  il-jcovsry fairly rapid  stith no discr i rnimble 
!tope. 

TWO f a i r l y  dimtinot  3600 turnu. :In f iret ,  bmk  p re t ty   a t ab le ,   va ry ing  ar- 
~uad 420 am midpoint. Inscooed wider over-all v a r i a t i o n ,  but. g r a d m l  fluetug- 
,ions 2 O  OF lees ,  

'rVould be ra ted  "ayerage' except for proficiency in maintaining lateral bel- 
.COB. Psobably  did rats i t  'average" on pmvioue  reading. 
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For F l a t @  I V I  



DATA SHEET FOR QUALITATIYE ANALYSIS OF TULANE STANDARD TIGHT RXSRDS 
S U U R  1940 

Yaneuveri 720° RIGHT POJER TURN AT 600 BANK Inetrumenti R-9 RIDE REX3RDER 

Code No. 224 .. De - 1 T i t l e  of  F l i g h t  C 1 ' Hourel Dual - 
NalM No. of F l i g h t  2 so lo - 
Group Woathsr notatione none 

I. Approlimnte time o f  maneuver i n  eec. 4.0 

11. ENTRY 

A. Approximate time of e n t r y   i n  eec. 7 
Approximate time i n  see. between  beginning  and  attainment o f  bank of  ap- 
proximately 300 3 

B.  Later81 i m b a l a e  

1. Slipping  (right-uing-lor) 

! I Exteat r e l a t i v e l y   r e l a t i v e l y  f 61 I 
short time inatancea I instanese long time 

=ngr 

Leas than l e t  char t  spaoe I No s l i p p i n g  1' 
Betseen l e t  and 2nd Chart I I 11 

~ ~~ ~ ~ ~~~~ 

etween l r t  and 

3.  Slipping and e k i d d i n g  in a l t e r n a t i o n  
Sl ipping and s k i d d i n g  i n  aeries (e.&, maker aerera~ d i a a r e t a   s l i p s ,  then  
r eve rn l   d i so re t r   rk ids )  

i 











IHTRODUCIZON --,,- 

t h a t  parfomncee  of t h e  rtr&t 72@ power t u rn   ohm  ce r t a in   r eca rd  "patt.ern6" 
which w r y  with the   gua l i tp  of t h e  gerfomance. The seaorda o f  very poor 

and t n ~ y  dif'fer t o  a very marknit d q r e a  from t h e  reoords of  very good per- 
performances  laok vary didrerent  From tha  recorda of averaze per fo runcea ,  

formanoas. This Paot aug?,estod ti:e oonstructlon o f  this gradad  scale of 

This wale is m d e  up o f  f u l l - s i z e  R-5 Ride  Reborder roaords of right 720° 
reoords t o  a i d   i m t r u o t o r s  i n  ratin:  atudentsG  performances of t h i s  maneuver. 

mrrrk o f  yBry Poor, L o _ ,  &ex, w, or Pery Good. All t h a t  i0 neeeed 
poser tu rns  which were r a t e d  by atandsrd  prooeduroe, and given an cvor-all  

t o  rate a performnoe  of  the r i g h t  72W power t u r n  by means of t h i s  s c a l e  i s  
t o  "mtch" the  R-S Ride  Recorder r e c a r d  a f  t h e  performance wi th  t h e  one moat 
nearly resembling it in t h e  acals,  

'Why "Jo P1ip)t R e o o a r s ?  

It h ~ a  been found by  experiment w i t h  records a f  t h a  R-S Ride Reoorder 

.plight recorder rnoords have e. uUlf3er of advantacps in furnishing ob- 
ject ive  information about pilot psrfsm~snca.  A recorder can go along w i t h  
the   s tudent  0.1 s o h  Plights  and ~ ~ p p j . ~ t  a parmnent  record which hslps t h e  
iusBructor t o  check h i 3  p~lsgresa at IP Beage. &an observation of the   s tudent  
i a  usually very l imited.  Even it? dual Bli@%, a recorder  can *ts.ke down" 
mlry dat.allls a b o u t   t h e   a t ' ~ d 6 n t ~ s  perforaatrce ahich ths i n a t r u c t a r  m i n h t  not 
sbe at tho  time because he mi.ght be paying a t t e n t i o n  to o8her detail# of the 

up on t h e i r  own f l y i n g  t o  make sure they ara   holding a. constant bank around 
studtmt?s  perfonnanco. S o m  racing p i l o t s  have even used recorda.rn t o  gheck 

pylons. 

- Disadvantages o f  R e c o r d .  

standing  diaa4rantags l e  tha tis9 required t o  jn&a B record  carofully l i ld 
make an acourate r a t i n g  of  t h e   p ~ r ? o ~ a c q .  Another  diaadvanta?e i o  t h e  fact  
t h a t  in order to  interpret t h e  recorde  .accurately, 
framilf.ar w i t h  thorn through regular d a i l y  expsriencs. c%8 

muat be thoroughly 

Ksduciw t h s  x6advUnk3g.9f~ of Rsecr+srs by U s i n g  " h t t e r n "  Scalos 

Faight recorders   a leo have a amber  o f  dieadvantagem, Pemaps the cut- 

order t o   c u t  d a m  t h e w  dieadVantag08, C h i s  pa t t e rn  scale  and -thscca 
di rac t ione  ~ ? S B  prepared. By "matching" the recordo o f  otuderrts3 perfcrmwwao 
with the  recorde  reproduced cn t h i s  ss~le, you oan place your  s tudents* records 
i n  one c l a m  o f  R five-poiat   scalo ranTing ?rem Very Poor t o  Very  Good, a213 
thue  obtain a e t e n d a ~ d i z ~ e d  rut ir iy  in a very shor t  time. Althcuqh even B, person 
unski l led in ei ther   Plying o r  t h e  use of  fli.32t recorder  records  could do this, 

_._____._._- - --~- -~- - . - - -  

66 These qensral  advvar.zaqes a d  dlsndvmtaSas apply t o  f& fl ighk  recoraars 
and not oaly'to t he  R-S Ride Recorder. 



Bank and 

m c e  ConsIdared 
W r s l  B A -  

i n  Makina Soale 
R a t i r l R O  

- GENEEH;IL .%ELARKS ABOUT %IF; SCALE 

The R-5 IUde Recorder  supplies  infoemation  about bank 
and l a t a ra l   ba l anoe  during f l i g h t ,  tux1 t h e  ratings of these 
pwformnoee are baaed on t h i o  information. The instrument 
does not  eupply infoncatfor~ abou t   a l t i t ude  or airmpeedy nor 
does It supply  reliable  infom.,%tion  about  longitudinal  pitoh. 

chart wae driven at n a p e d  o f  lfr inohea per  mlnute. 1 
I n  making t h e  reaorda  reprodaaed on t h i o   s o e l e ,   t h e  

[horizontal)   inch of chart thus  ropreaenta  40 sea. &oh 
hor izonta l   t en th  inc&Tof ohart oprce : 4 eao. 

will ehange t h e  appearanoo of mallduvers on t h e  ahar t*  There- 
I* i o  ituportan+, t o  nota that I. ahangs i n  ohart epacd 

fora, THIS SChZE CANfSOT BE USED PWP5RLY , U N L E S S  TOUR IIYSTRU- 
UXMT IS SEI' FBR A CHART SlgED Ob" I& INCIBS PERshl[Nl€TE. 

Tha beginning o f  saoh power turn on this roa le  i s  indi- 

t h o  reoorde and marksd *asgin". d end is  indioated by t h o  
oated by t h e  ref of barred arm vhioh hare been d r a m   i n  on 

eat  o f  barred arom marked "End".& P 

8110. on the reooido. It CANNOT bs used t o  rate either- 
CLIMBBIW OR OIJDZNQ TUMS. I% CANNOT be used t o   r a t e  MEDIUY 

.. 

67 The char t  i s  marked into %antha of inchee by tho dot. o f  the horizontal l i n e  
i n  i t a  oenter. 

68 These a ro r   r ep re ren t   t ha  marka on a t r a m p a r a n t   p l a n t i o   r u l e r  used for oyn- 
ohronirlng t h e  traoeo. You 6.0 not  need t o  uno thia   t ranrparent .  aynohronix- 
i n g  r u l e r  i n  order   to   read  and ra%a t h e  reoordc of  72W power ,turn# by 
means O f  t h i s  p.%ttOrn OQdae 

$9 Tho h o t   t h a t   t h i a  roalo o m  be uoad only for r a t i n g  ri&t 720' power t?lnu 
o f  O O V ~  dooo not   indioate  that t h e  only uoe of tho  inr t rument  l a  t c  raoord 
right 720° power turan.  Similar  eoalss,   aftor  proper  oxperfment,  may be con- 
s t ruotod for  other  1p~~neuvon10 



ronsidersd 
L Cum0 of, 
&& 

rapreaant.a s psr'itcr~laar value of load faotor   and a l so  a partiou- 
Lnr bank an&lZ oerrenpondfng Co tha load   faa tor  value. The load 
faotor ti-aeo on thpl recard o f  each t u r n  may therefore be viewed 
PB a curve a? load Factor o r  an a aum.vo o f  bank. 

Esoh 2- en tha l ead  Baotof t r a o e  o f  t h s n e  rocords  thufi 
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%e heavy Rfuszy" tram #hiah  ie.plauod on  Lhis ctur+e is k 
record of etu.gine and  prop,sller  vibnrtiona. The true reading o f  
Load f a o t o r  a t  any  point i s  ths d d p o i n t   ( h a l i v a y  between the  
battom and top )  of th i s   v ib . ra t ions   t raos .  

The h d g h t  o f  t h i s  V!-bratirma t r a c e  variee with t h e  air- 
plane,  the  location o f  t h s  inatrumant in t h e  airplane, propel le r  

its h'eight, however, t g e  true reading of load   iao tor  i s  sluayar 
s o t t i n g ,   t h r o t t l e  s e t t i n g ,  and f l i@&t  ak t i tuda .  No matter *ha% ff. 

gi ran  by ita midpoint."3 

On the p a r t i a u l a r  instrument used i n  making t h o  ascorda ~ 4 -  
produoad i this eoalr), the aooeleromater  had an i n i t i a l   t e n s i o n  
of  41.05 g,, 9 4  th& i s ,  it would not rsuord a load  faotor o f  lass 
then l"G5 & Wherever s w h  load fECfOm ki-6 saoountersl  -6 a@ 
i n  o t r a i g h t  and leva: fl i&+, *are tho load fao+,or 13 +l&# 0 %  

i n  glide0 -- tha ].lad f a c t o r , t r a o e  is a t  i t u  haairl ine,  t h a t  i s l  
t h e  bottom l ine.  h i s  value a i  1.058, eorsmponda t o  II bank o f  
18'. "hue, when the  bank is  18' or letso, n5 vosit ive t r n c e  ag- 
pears 

The t o p  extrema of  t h f 5  t r a a s  (whiah the t r aoe   r eaohea   i n  
Plate In) reprosent8 B load fsator of 2.05g, vhioh corresponde 
t o  a bank angle of 61". 

laad  factor .  It ie  t o  rewmbar, hoaavar, t h a t  the 
r e l a t i o n  betnean lalad f so tos  nnd bank is ouch tha t   equa l  amua+.s 
of load f a c t o r  do rapmeeat   oqml   angles  of bank. For ex- 
awls, a chart height o t  ,IO inch twhloh aaaaya corresponds $0 
m load faator value of 0,lOg) uurg roproernt a bank angle sf 20 

part. of t h e  o h ~ r t .  Thua, r e l a t i r e ly   l a rge   f l uc tua t , i one  
i n  t h e  psrt. o f  t h e  char t*  but an angle of only 0 i n  t h s  

isr t h e  tram ahon it $.a t m r d   t h e  upper  part  of  the char t ,  no 
i n  Pla te  I%, represent  no grsclter bank variations than  re la-  
t i ve ly   sma l l   fh se tua t ione  of the t raoe  vhen it lies nea r   t he  
bane-line, as in P l a t n  XVO. 

Eaah verticlal  teeth inoh of ohart space75 reprasorrts 0,lg 

The bank A l u e  each yrio'ted l i n e  o f  t h e  ohart i s  given 
by Table A, pnga 9 9 ,  fot t h a  aanvenioaoo o f  f h o p s  readars who 
may wish t o  make d e t a l l e d   e w A n a t i o n  of t h e   p l a t e s  

wi th  your instrumant. If tho   aoanlaromter  o f  your i n c t r u n t  
Examine the speaifio6tXana  supplied by the  manufseturer 

Ran An in i t ia l  tel'ldOfI Oth4r  .than l.oSEe it doas  not have t h e  
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MfP6renoe 

Attained 

Preaoribed 

a&s!L 
922s 

stud6,rrt a b t a i n a b a n k  of 600.  o r  i f  not.  how  muoh 

aapeot of performance, it is  well not  t o  be   t oQ 

inaocura to  i n  eetimating bank. Too,  i n  so- l i g h t  
r e v e r e   i n   r a t i n g ,  for many exper t   p i lo t s  are qui te  

a i rplane8 a bank o f  $00 aannot be  maintained  for 
any length of time without loas  of a l t i t u d e .  

- doen h i e  bank d i f f e r  from i t ?   I n   c o n s i d e r i n g  t H i l ~  

Fur eaample. only one p l a t e  i n  t h i s  sonla  
ahare a bank of 60° (Plate  IVh, at the  beginning 
of t h e  turn.) 

I n  general ,   the   best   prac- t ioe would be not 
t o  uonmider differences ae largo as 15’ t o   b e  rer- 
ioua .  If the r tudent   banks  within  the range of 
s teep  banka (450 - 600)  throughout  the t u n ,  t h i e  
1s qu i t s  accaptabls. Thue, i n  P la te  IVI r a t e d  
Very Good, t h e   p i l o t ’ s  bank during t h e  turn amr- 

Good the bank arerages  about 450. 
ngoa about 50°m En P l a t e  IYJ, a l so   s a t ed  V m  
--I 

I f ,  however, t h e  bank averages a figure which 
is well  i n  t h 0  range  of medium banks (300 = Cgo), 

banks (loo 3 30°), a8 i n   P l a t e  IVd, t h i n  should  be 
ho i n   P l a t o  XYa, or approaohss  the range of  mhallo 

eountsd againat t h e  perfororance. 

( 2 )  A roooad queation might b s ,  How does t h e  rtudeAt~;i 
&ah h i s  bank? h o e  he r0-d 

A very olsar   progression i n  the   s tep- i ike  
ohnraoterlotioo of the   en t ry   aan ,be  seen i n  there 
platma. The p l a t e s   r a d e d  Very Poor, and pea!: a l l  
e x h i b i t  a “ragged“ step-l ike entry. The platen 
marked Averapre show a few “etepsW i n  ro l l ing  up 
bank. Pla te  IVg, marked w, a100 shown revera l  
minor “stope‘. P l a t e  In, marked Good and Plats 
IVi and a, marked 
a l ls  but a wooth,  of t ho   t r aos  from 
its baae-lina.79 

-9 - show QO %tepa” at 

( 3 )  A third  question  might bo, How does the r tudent  

’ rapidly and  smoothly an i n  Plate. IVh, 
r o l l  o f f  bank?  That i a ,  door he r e t u r n   t o  level. 

& and a, or doer  he  rooover  slowly  and  halt- 
ingly ,  ar i n  Plates IYa, a n d 2 7  

7 9  It 11 important t o  note,  however, tha t  elight bumps i n  t h e  air oan produoe b i d -  
lar r t e p s ,  so it is  wise t o  take air oonditiona  into acoount. There recorda 
*ere a l l  mads i n  smooth air, 
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f luo tua t ion  i s  about   the  saw -- 1 4 O  to 1 6 O W  - IVe  ehowa oont inual ,   ra ther   rharp,   minor   var ia t ions,  
however, while Fiate IVh ehown a gradual deoline in 
bank i l t h  fer  eharp  rar ia t ione.  

Thia oontramt l a  p a r f i o u h s l y  intereeting ba- 
caueo it smphaairer th. nature o f  the   load faator  

of Pla te  1% lies i n  the  upper pmrt o f  tho char t ,  
o w e  when t r e a t e d  as a oume of  bank. The ourm 

in whioh t r a o e   v a r i a t i o n s   r e p r e s e n t   f a i r l y  mall bank 
iluotuefiona.. T h m  first p a r t  o f  t he  %urve o f  5- z, however, l ien i n  the   lower ,par% of t h e  ohark, 
i n  which $raw v a r i a t i o n s  roprsesnt grQ3tOr mounts 
ob f lnotuation i n  bankk. 

lTE PACT THaT EQUAL HEXffWS OF THF. W A D  PACTOR TRAGI$ 

THE CHART XUST BE EORliE IN MIMJ IN COMS15ERIW ALL 
!UPRESENT DIFFERENT B4NX VALUES IN OIWEREIW PART8 07 

QUESTIONS :?HIGH RELATE: To BAMK YERFORBIANCE. 

3.  '&at t o  look for i n  thm l e f t - r l n ~ - l o s  and right-wing-loa 
trao.sl 

Zooent ia l ly   there  are two qwrt iona  r e l a t i n g  t o  
s l i p p i n g  cnd okiddinga ne To what o r t e n t  doen the a%-* 
d e n t   e l i p  or s k i d  and b l  Row l a n a  and €icw o n o u  doee he 
s l i p  o r  skid? 

The beat  etudent doee  not s l i p   o r   a k l d  t o  a g rea t   ex t ru t t ,  
and he doe. not s l i p  or ekid of ten  o r  long. The avarage 
etudent may s l i p  or s k i d   t o  a slight extent for 6, fairly 
long period of'time, 5r on several oacasioasi  or hs may 
s l i p  or s k i d  t o  a f a i r l y  large oxtent for w s h o d  time. 
The woret s t u d e n t   s l i p s  o r  s k i d s   t o  a large extent either 
o f ten  or oonatmtly.  

The two faoaors o f  and - mwQ be bxlanoed; :$ 

perhapa the oleares t  progrsaeian to be seen in t ~ e  
e o d e  i o  in   tho  appsaranoe of  the  rigbthring-low (slip) 
t raoo.  Even a ORsla81 inspeotion s h o w  t h e  warked d i f -  

t o  prop-waEh i a  Pla ta  IVi mhould, of oouroes be igriored.) 
ferenoes i n   d i p p i n g  from  olaaa t o  alass. (Tho s i l p  due 

The Very Poor p i l o t s   t e n d   t o   e U p  exteneivaly and f o r  a 
great   proport ion of time. The p i l o t a   s l i p   t o  FI 

Average p i l o t a  tend t o   co r reo t   even  more frequently, Tha 
l e s e  *.dent and oooaslonal ly   correct   thelr   s l ipping.  The 

s l i p p i n g  at a l l .  
d i p s ,  QUiOkly oorrcoted.  Plate XY& in h o t  a h o a  ne , 
- h o d  and Verv Good p i l o t s  mhow only  ocossionab  elight 

i n  skidding. ' h p h s  Very Poor  and Poor P i l o t s  show l i t t l a  
On t ha   o the r  hand, there are no marked diffcranose 

. o r  no skidding, but  t h i s  f a c t  is  only a re f loo t ion  o f  kha 
time they apmad In sl ipping:  they s l i p  80 much that they 
aanL2Qf; Fik:fdo 
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* Soalr-Length elip ueed in dotermining the loweat 'aatual' bank i n  th is  aaso- 
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vision, o f  a Prograsa Report eubmitted Ssptember 
The following i s  a eurmaary, with a l ight  re- 

1, 1940, t o  tha Executive Suboodt tee  c f  the COm- 
mj.ttes on Select lan and Tmining  of Airoraft P i -  
l o t s  by H. Y. Johnson, director of the Tulana pra- 
jest e 

h u  research  staff of the Tuhn0 projoot, who, 
with Profeeaor Johnson prepared t h i a  Progress Ra- 
port, included: Percy 8, Cobb, Researah Profseeor 
of Psychology and immediate superVieQr O f  the pro- 

and Oaoar Baaketrom, Jr. ,  Sascarch ASSietant. 
jeot; Vidkunn Couaheron-Jarl, Researah Bseietant; 
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These times in the partioular t e s t  airplane; all other times fz t h i a  O ~ ~ W I Q  'I4 

As estimated by eaah subJeot. 

in other Aeronaa tandem trainers. 

q5 LcgKed time only; estimated 4000-~000 houha, ino lud ing  unlogged ti-, 
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II YiL c m  
Rearmare from turn “ O I ~  co;u*seII 
Re:overb f r o m  kun f re or I. of non ccurfleA 

Recovers from turn more than 10 r. or 1. o f  “on course” 
Recovers from tun; not mor6 t iy  10‘ r. or 1. of A w n  ?owsen 

R. and 1. t a m s  eq&l in precision 
R. and 1. turns not ah-1 i n  precision 

t 

E’dls t o  incretse power 
Reduces power on compiotisn of turn 
F a i l s  t o  reduce power on completion of turn 
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or BOIO f u g h t a ,  

(b) Xh b o t h   d m 1  and eolc slight, many of t h e  .ran= 
(Buwra  oannot be ident i f ied  beoauae o f  t h e  l a o k  
of an   appropr i a t e   i dan t l f l ca t lon  signal. 

(a )  In both  dun1 and s o l o  f l l g h t a p  the  beginning and 

with Oskt~ilrty because of  tho  laok of an appro- 
end of many maneuvers cannot  be  dissriminatad 

p r i a t  B s igna l  a 

b. bny Of tho records whiloh were fu i th fu l ly   o lgna l l ed   l ack  
fheae  ambip&isu. Even i n  the aasa of theso  raoords,  hop- 

n a l l e d )   t h e r e  am arnbigullitiao w i s i n g  from ?nother  dell-  
overs (as well PIS i n   t h e  m e @  of reoorda  insdeguately elg- 

eienoy --~amoly, ignoranoa of t h e  direation ob tur t le ,  

( 1 )  h ordat- for m o d  meaningful UBB t o  be made ob t h e  
l a t e r a l  imbbalanoo traoeg of t h e  R-S Rida R800rdera 
it is neosasary t o  know t h o   d i r e c t i o n  of t h e   t u r n ,  

repressn te   s l ipp ing  nnd which repreoente  skidding. 
YO t h a t  it m y  be determined whioh of  theso Graoes 

( 2 )  It hao been  sought t o   d e r i v e  the di reo t ion  of t u r n s  
by the   inc lus ion  i n  the  R=S Ride  liecorder of an ap- 
paratwa for   ind ioa t iag   dof lee t ion  of  the  rudder  and 
a i l e ron l   bu t   t h i a   appa ra tue   o rovsd   unaa t idao to ryD 
(%e page 1239 t h i s  Exhibit:,) 

(3)  It was then hoped t h a t   t h e  Priea Gable Sontrol am- 

fortunately,  hov~cvor, a a  indicated abovel t h e  Friar  
oorder  record would provide  thia  information. Un- 

montary  maneuvers,  with  two  except ions f 
recorda  do i i o t  RhOW the jilrection ob any of the  e l s -  

( a )  The sp in ,  in whioh rBCQPde  of t h e   l a t a r s l  
h b n l o n c s  t m o a a  supply l i t t l e  i f  a ty   u se fu l  
information,  and 

(b) The s t e e p  tu rn l  in which t h e   d i r e l t i c n  i s  f r s -  
quently,  but not i nva r i ab ly   i den t i f i ab le .  

upon the   ex ten t  of t h e  rudder  and  aileron de- 
(dhe ther   the   d i rec t ion  i s  i d e n t i f i a b l o  deFends 

f leo t iong ,  and thue upon t h e   i n d i v i d u a l   p i l o t s  

bank, t h e   d i r e c t i o n  i 3  usua l ly   i den t i f i ab le s  
If t h e   p i l o t  really exeoutee  the  turn at a s teep 

but many of t h e  pfllote i n  t t is  study  aotunl ly  
exscutad medium ben?rs when a s teep  b.mk vas 
spec i f ied , )  



. ,  

. .  

i. -. ~ 

r 
B 

. 

I 

I 



. .  . . . ; I -  



SECTION B 















c B 

Zi€b@:arn 2 

.. . 





S%owhg possible h n g u : . ~  TTOP i n  agprcximated  ve-lues of d , the angle 
of 'pa'o?at' brd, (i.e.,  those  values determined by &king the  recorded 
h h d  fsclor (.&I equal to the  reculteTit @) of graviitationd  acceleration 
m;l centripetal a c c e l e r a t i o n k , ~ t ' . ~ ~ i o u s  ' ~ ~ 1 ~ 4 s  of@ , the  true  sl ip or 
skid rmgle, when the  recorded load ?kctor is the  lowest value derivable 
from the c l m t  (1.07g) by projbction st a magnification of 5 .  

1.031 
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1-07 
1.07 
1.07 
I .07 
1.07 
1.07 
1.07 
1.07 

1.67 
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1.07 
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1.07 
1.07 
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1 * 081 
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1.09R 
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1.132 
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( 5 )  Furt::-:..'.~lri~.?~ $he e x o r  i n b !  m;!:?a ::-a t o  eawn further re- 
6med 3; oStdr;d.?~c R b e t t e r  ~ p p ~ ~ z i . m t i : m  of s_O_ than  .that 
ob ta imd by oqsra'.'ing it t o  go Although t h e  true value  of 

obtained from tho   la te ra l   imbdance   l ines .   Equat ing  B(j  
8 cannot  be kno,m, i t s  value  by a t a t i c  cal ibrat ion  can  be 

end &Q is e q u i v a l e n t   t o  regarding 0 aa 0, for   nec Oo : 

t h e  true velue, muat  alwBye be a better  approximation o f  
1.000. A recorded  value  of @ grea ter   than  Oo, though not  

Repcrt.) Thus, i f  32 is determined  by  multiplyine  by 
t h e  t r u a  value than 00. (See  page 183,this Supplemental 

the  eocant  OP the   rocordede,   aad 6 derived  from BJ, the 
error i n  d values l e   m e n   f u r t h e r  reduced, even though t h e  
recorded  value o f  8 is leoa t h a n   t h e   t r u e  value.ll9 

The load  factor   t race,   then,  may be used t o   o b t a i n   v a l u e  
of d t h e  angle of  'proper" bank.lZ" 

.* 

C. U t i l i t y  of "proper" b c t l c c a n   i n d i c a t o r  o f  p i l o t  s k i l l  

1. The u t i l i t y  o f  t h i s  datum,  "proper"  bank, m y  not  be r e a d i l y  appar- 
en t ,   e spec ia l ly  as it does n o t  r ep resen t   t he   ac tua l   i nc l ina t ion   o f  
t h e  wings t o  the  horizon  excapt i n  the   cme  of   per fecb  lateral  bal-  
ance.  Despite the fvat t h n t  it need not represent   the  acCusl   in-  
o l ina t ion  of t h o   a i n g s   t o  t h o  horizon,  the datum has  a d e f i n i t e  and 

per" bank hao been defined  (page ,160 of t h i s  Supplemental Report) 
imporinnt p h y s i c d  signif icance.  It w i l l  b e   r e c a l l e d   t h a t   t h e  "pro- 

(os that.  bsnk a t  :vhiet %he a i r p l a n e  would be i n  perfeet  latsral bal-  
ance for  the  particr?l .ar rate o f   t u rn   t ho   p i lo t   has  asaurned. Stated 
i n  somevhat imgrauelionistio and Celoological tem.8, i t  is  t h a t  bauk 
a t  which t h e   p i l o t  is "attem$ing" t o   f l y   t h e  turn .  

As such the mproper8' bank i a  a simple funct ion of  t h e  forward rolc-  

Thie procedure waa followed i n  dariv ing  t h e  "proper"  bnnk values i n  the 
alant.itat,ive  analvaia t o  be published a t  R lator data. 

lZo. It i s  to.be  noted, howevoi', t h a t  it nuot be known t o  the reader  of t h e  
r eco rds   t ha t   t he   eub jea t  'wae i n  a turn i n  ordur for t h e  datum t o  be de- 
rived.  (See page 1 of the  Introduct ion t o  t h e  main report .)  In t h e  ~(180 

-of  elementary mneuvore, hosover,   there i o  c o a p a r a t i v e l y   l i t t l e  chance 
of  confuoion  of  records  of  turno  and  other mnouver-a, with the porisibla 
exception of s p i r a l s ,  which dl1 ordinar i ly  be made o n l y   t o  a landing. 
Spins  and  et5lla  produce a c h a r a e t e r i s t i o  t race ;  t rac+e of "bbumpnn pr,nd 
g u s t s   a r e   t o o   s h o r t   t o  bg  uonFusad r i t h  turns .  M y  s X h  ambiguity Would, 
of course, be   en t i re ly   e l imina ted  b y  the  pracadure cf employing cltandard 
f l i g h t s .  I n  unatandardized  instruct ion  f l l&te it might bs   a l imineted 
by conference , r i t h   t h e   p i l o t  in regard to doubtful   sect ions,  which sould  
be very few. 





(the "properA bank) i e  ap>mgr.<.ate9 a~sd fut%h3rmora d i p s  a$ H i s  
actual bank i n  t h i s  s i t u a t i o n  would bo 550 (=: 450 *propero bank 4 100 
s l i p ) ,  Yet it is c'adous t ha t  t h i n  au3jeot; has not  =de a single error O f  
5 ' .  merely  beoauee he t ippsd nis rvlage t o  s i t h i n  5" o f  the   p resar ibed  
bank. Ha hae made two errors: one of 15" (: hao - 45') i n  ehooeing 
hie rate of  turn, ~d one o f  100 i n  h i9  faflure t o  maintain lateral 
balanoe 

3.  Thus, eren though  the  acttail be& docs repreaant   the aotual l n a l i n a t i m  
o f  t h e  singe t o   t ho   ho r i zon ,  it is apparently a lee8 useful and  leas 
v a l i d  datum for   de r iv ing  icdioer of the  aubjeatPe p i l o t   e k l l l   t h a n  the  
"proper" bank, which m y  or may not represent   the   ao tua l   poa i t lon   r f  
t h e  vinga t o   t h e  horizon. TMa d a f i o i e m g  of t he   ao tua l  bank ariees 
from the  f ao t  that It is a oompounding o f  two  ef€eecte, ne i the r  o f  whiab 
it i n d i m t e s   B l r s c t l y  or aknplyr 

a. The p i l o t ' s   e e t f m t s  of t h e  proogrr rats of  t u rn  (at a given velooi ty)  
t o   aeh ieve   t he  dsseired hank (an determined  primarily by a l e t a t o r  ani\ 
rudder), 

b. For t h e  ohoren ra%e of turn, t ha  pi lo t ' s  suoaeae o r  failure t o  bank 
properly  (88  detsrminad  principally by tho  a i lerons) .  

The "propor" bank i nd ian tee   e f f ec t  a &ugly and  dlrootly.  A l imi t ed  fn- 
dioa t ion  of effe& b i s  giver, by the l a t o m 1  imbalanoe treocae, d i m m e d  
i n  pages 1n-lXTGke SunPleearrtsl %port e 

0. Effeot r  on t h e  record of h i t t i =  t h e  p r 0 W ~ & 8 h  

1. a. A l l  t r a a s s  o f  t ho  A-S record may be s f f eo ted  by h i t t i n g  t h e  p r o p  
raah.  Sinoe t h e  prabluma oonaermed a i t h  Sdent i f ioa t ion  o f  pmp- 
uaeh effeots OD the record  involve olriefly the  load   f aa to r  t r s o s ,  
however, they will be dimaesed i n  f u l l  i n  t h i s  eeot lon.  

b. If a p i l o t   c a r r i e s  throu$i t h J  f i rs+  36@ o f  a 720° turn with nQg- 

t u rn ,  at the  oompletion 3f t h e  f f r e t  36@, the   a i rp lana  will enown- 
l i g i b l e  ohange in altltu6.e snd an s g p r o d m t e l y   c o n s t a n t  rndiiu of 

t e r  t h e  turbulen t  mtrmam o f  n i r  mused by its pnnloua paasage. 
Upon t h i s  enccuntar it eilL be a u b j e a b d   t o  sarlous acce le ra t ionss  
t h a   e f f e c t s  o f  which will nppear OR the  reoord. 

0. It is des i rab le  t o  ident i fy   these  prop-weh effects f o r  two p u r p o ~ e ~ :  

(1 )  In order t o   o r e d i t   t h o   p i l o t   w i t h  an rxceilent psrformanae o f  
t h e  f i r a t  360' of the tu rn ,  and 

(2) I n  order  to diaoount   tha   i r r sgnl6r i t lea  i n  the   t r aaoe  vhidh 
hit t ing  t h e  prop-rraeh, an h i t t i n g  any other  bumpy air, produeee. 

2. To f u r t h e r  auah lden t l f ioa t ion ,  t h e  Tube field  experimsntsra  noted cor- 
t d n  mohareotur l r t lom effeots whioh aomotimes appear OR the  record when 
the   p ropwash  is h.i%. Theme r f f e a t r ,   i l l u s t r a t e d  In Plate IVi, oonelst  
of a rapid  drop o f  the load   faa tor  t r a o s  t o  i t a  base-Une, or a point 





%))a* . fu l l  rcce le ra t ion  izF.4:'tdi:3, by +,he d3r:pxmuh w3U n w ~  Lie a L n g  
tho airplaar, r a r t i m l ,  3u.k . x i x i  Co r m o l v 4  i n t o  airpiwe vrtrtical,  
lateral, and i o n i i t u d i n n l  ompnyunetrto. IC auoh instanma, t h e  drop 

The lateral a o a p w J t  i n  such iristsncas dl1 cause  slipping o r  skfd- 
i n  load   fac tor  m e d  not  bo OD pronomeed as t h a t  sh0.m i n  F l a t u  I V i .  

bene, FLU shorn in Plate IVia 

If Gn completion of t h 9  firnt 360° of  +.).e turn tho  airplane 6 uooum- 
t e ' r s   c o t  t h e  doun-mash from. the rings,  h t  one of t h n  vort i e s s  l o f t  
by t h e  viae t i p s ,  th+3 offeo t  on t h e  lo.%.?. f a c t o r  vi11 not be vary 
pronounced, but l a t e r a l  imbalanue w i l l  result. Because of t h e  ~ Q K T L  

o f  t h sae  vortices (Se3 abovs), t h e   l a t e r a l  imbalance will l ike ly  
c o n s i a t   i n  a q l i p  quickly folio-ed lcy a s k i d ,  o r  vion versa. 

d. Final ly ,  i f  the  a i rp lane  enmimntere otby t h e  outer edlge o f  one of  
t h e  exptmded wirig t i p  vort.ioee, t h e  airplilqa may recalve only a 
mild "btmp", the   s f i ' eo ts  o f  which are negligible.  In su&inetmost$, 
B record suoh an tht produoed i n  P l a t e  - IVi may recul t .  

\ 

5. Recorda of  all. the   vary ing  %y?ea described  above were encountered at  tho 
f i e l d .  The nost oomplex record  noted showed both a &id and a l i p  (iz 
euooeasionj aocompanyln~j the drop i n  load  faotor ,  

b v  To sunrmariee the  preoedinz  Giacuesionr 

a. Hi t t ing  the  pi-op-wash sometimes prcduoee certain "charaotesist io" 
e f f e c t s  on the R-S Ride  Reccrdsr  record o f  the gsaeral  form shoan 
i n  -fYi, Thaae e f f e c t s   c o n a i s t  of 9 rapid  drop c f  t h e  load 
f a c t o r  traca, froqumtly to i t e  baasaline or a point nenr i t a  baeo- 
line, t'ollosed by a rapid r e t u r n  of t h e   t r a c e   t o   a p p r o x i m t e l y  ita 
p r e v i o m  height,  and usually aocmpanied 'by a sirnulteneoun a : i ~  w 
s k i d ,  o r  both. 

b., Tho e f f e o t s  m y  vary in manitude,  depending i n  part on whc&her $be 
p i l o t  h i t s  t h e  full slip-stream or on ly   i t e   edgss ,  and in part on 

t e r e d  an3 t h o   a t t i t u d e  of 'eke airplane.  
t h e   r a l a t i o n  between th6 dimotiona o f  t h e  propwash guleta nneauzi- 

o r  The effeabe m y  also vsry in complexityr 

7. Abeence of ths  "characteristic"  effects on the record, i l lustretnd 3 . ~ ~  
P l a t s  IVi and describod in pnrsgeph (11, doas no t  necessarily, *dize.t.e9 
t h e r e f o r e , ~ t h s t   t h e  pilot f a i l e d  to hLt his prop-we3h. Idorrover, since 
the prop-wash is- m r e l y  a w s s  of  turbul.ent a i r  and any t u r b u l m t  air hrf 
similar velocit-ight  prodme siailw effects on the recorii, it will 
be well t o  ciefino the cnnditlons urder which presence of tie pwticulax  
e f f e c t s  may be taken to indicate h i t t i n g  the prop-wash. 

7 ° C  It is to b e  noted, however, timt Lasts of   su f f i c i en t   v io l ence   t o  praduce sC- 
fects of the extent shown i n  Plate I V j  will rarely be  encounterec? l.n neat:lcr 
conditions during which s tudent  flying i e  perui t ted.  

- I_I --. 





b. SiPIoe 30 CalibratiOnE O f  Syt3t6m Were performed E t  the f i e l d ,  
i t ~ . i e  imppoasibic to ststto the   ex ten t   o f   these   poes ib le  errore, m:rd 
thus only the posa ib i l i t y  of t h e i r  prascnce  can be noted.I*T 

I t  was not prac t ioa l  t o  pozfom c a 2 k r u t i o n o   ( e i t h e r   e t a t i c  o r  dye 

t h e  use o f  t h e   t e s t  airplane and ' the  i ;npra&ioality  cP  diaturbing 
d o )  of  t h e  acaelarnnster a t  the f i e l d  o:Plng t o   t h e  dezandu on 

t h e   I n s t a l l a t i o n .  S h a o  in almost any use t o  be made o f  f l i g h t  r e  

it plll be impracL.ica1 t o   h a w   f r e q u e n t   f i e l d  t:behks and service of 
oorders i n  p r o b l e w   o f   p i l o t   a e l o c t i c E ,   c l a ~ a l f l m t i o n ,  and traiaiw, 

o f  t h e  instrmsnt, it is appsfan5 thcat the   l oad   f ae to r   i nd ioe to r  
should be dss igmd t o  have euoh a de i l ao t ion  range that poesiblo 
f r i a t i o n a l  errore will induoe a f u l a t i v e l y  slight proportiona%e er- 
ror of reaording; rnnd the&? mrewofp t h e  ratio of meohantcal m G l 2 f -  

tude  of  poselble errora duo t o  ~ l : d j u s t m e n % e  of  t h e  meoha&cal 
pl iuat ion  should be r e l a t i v e l y  a m 3 1  i n  order t o  reduoe.the ma& 

t r a n a d s a i o n  oyubarn.. Imamuah a8 t h e  acwlrtrCLmB'ter of t h e  Ride Ba- 
oorder daea  not most theso requimnorits, it muat be judged rel&ivprly 
uneat isfaatory f o r  f i a l d  ~98.128 

2. Errorn duo t o   l i r d t e d  dnmpbn?-md tho r s r g & o f  h l . & - f r e q u e ~ ~ ~ i & y  

a. The aooe1erometci 9s p f ~ - i d o - d ~ ~ p e : !  by mepns o f  stops plsoed i n  pi- 
tione  oorreoponding t o  ths extrercss o f  the s c a l e  a i   t h e   o h a r k ,  This 
stop-damping is, o f  ccarwe) inop&mkiae mhen the might i e  in a po- 
s i t i o n  between t he  exkserne ranges. Thus, i n  the  greater part o f  t l m  
range of  l a d  f a c t o r  reoordrpd, tho  devfae i s  undamped eroept as t5e  
d r y   f r i o t i o n  in t h e  ayetam eervda ss fl damping fwter .  The Ilamphg 
induced by t h i o  dry f r i g t i o n  i e  r e l a t i v e l y  slight. 

b. The coneequence  of t h i s  l ikl l ted dmping a.rd t h o  hi?& nat~~ral %re- 
quancy of  the syetem is t h a t  t h e  system l a  affected  by,   and t h e  e t p  
Ius  will reaorh, other  efPecf,s O h m  load faotor. The,ee effso%z RPB 
the  high-freqwnoy uibmtiono ' o f  the praps lhr ,  engine,  and f m 6 .  
S ince   the  frequency o f  thasa   v ibra t ions  i s  much h i 3 a r  than thn f~tr- 

aurmnation) betreer? these t x o  a f f e c t s ,  azoep-t i n  poesible  'very ieo- 
quency o f  ohangee I n  load   f s c to r ,   t he re  is no "interferonas" (i.~., 

l a t ed   i ne tmcee .  Tho vihrstiorzs kraco f a  thu6 euparposed on t t i s  
tram o f  load factor, ~ . n d  appsro on the record ao a complex o f  5ine 

plates 11, z, and I-L!E&'~-~-) 
ourves, Whose form is very  nearly t h r t  o f  a eimple s i n e  O U ~ V R .  (See 





tomula 
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d .  

0.05s i n  the load f a c t o r  traesl far  1 second, t h e   p i t c h  ang3.e of t h e  
a i rp lane  weuld have t o  be changed about 9.650 d t h i u  t h a t  second. 
Even t h i o  order of  change in pitch  angle  woulb seem n o t   t o  occur so 
o f t e n   i n  t h e  elementary manauvera a8 t o   p r o h i b i t  treatment o f  t h e  
records a 

It may bo s t a t ed   t hen ,  t ha t  though t h e   e r r o r   i n   t h e  locrd f a c t o r  
traos i n  t h i e   s e t  of  records due t o  the   recording of angular acosl- 
era t ions  may operate t o  produce  occasional  readings  with an objec- 
t ionably   l a rga   e r ror ,  t h e  to t a l   l oad   f ac to r   cu rve  of B g i v e n   t u r n  
will oloaely  approach  the true curve.  Furthermore,  since  the e r r o r  
may be pluo or minurr, i f  value8 ef load f a d o r  or "proper" bank, 
derived from the   va lues  of load f a c t q a r e  t o  be  averaged,  pnstial  
cance l la t ion  o f  t h e  error would be   expcted .  

The pomY~?le  error  is neverthelsss  toolarge t o  admLt atatemant c i  
values  o f  load factor or  "pro ern bank t o  au high e degree of  ao- 
curacy am might be  deeirable .  B j4Pn poesible   future  !asen o f  the   in -  

pa r t i cu la r ly  in t h e  case of  a i rp lanes  with grextsr  maneuverabili ty 
strument, o r  other  inatrunanto  containing a l oad   f ac to r   i nd ica to r ,  

than the Aeronca Tandem Trainer,  somelhat more oare e h ~ u l d  be ex- 
erc ised  i n  se l ec t ing  a pos i t i on   fo r  mounting,  with mom thought 
given  to   accuracy o f  t he  records and l p s a  t o  comenienoe. 

Use of  the s t a t i o   c a l i b r a t i o n   t o   d e r i v e  values of l oad   f ac to r  from t h e  ohart 

L, Throughout t h i s  otudyo t h e   e t e t i a   o e l l b r a t i o n  o f  the  acooleromoter wm 

- 
applied t o  obtain  valuso of l oad   f ac to r  from t h e  o h a h -  Since the  load8 
recorded i n   f l i g h t  are dynamic lamda, a dynamic oallbsation  should  pro- 
per ly  have been employed for highest   precis ion,   but  it va$ belibved t h a t  
the possible  differenc9e i n  tho   s t ab ic  and dynad.0 ca l ibra t ions  of t h e  
aoaelerometer were too  smll t o   j u s t i f y   t h e   l a b o r   a e o e s s a r y  t o  calibrate 
it dynamically. (A dynamic dalibrahion was not furnished  by t h e  mnu- 
factursr.) 

2. It m e  no% thought  neoeseary t o  perform E d y m n i o  a a l i b r a t i o n  o f  t h s  ao- 
c e l e r m e t e r   f o r   t h e   f o l l o w i n g  r'baoonsa 

a. The weight m y  comqwess oy s t r e t c h   t h e   s p r i n g  only within a I . imited 
range o f  loads (1.05-2.05&). Since  the weight is prevented by the 
upper  atop from s t r e t c h i n g   t h e   s p r i n g  beyond i ts  orizinal tension, 
there ie 010 tondensg t c  plast ia   deformation o f  t hc  epring. 

b. The natural frequency of the accelerometer i s  several   t imes the fpe- 
quenoy o f  t h e  imposvd dynsmk acce lera t ion#  thus, t h e  syettam cac re- 

al l  situations Ir. ahioh  the "haywire" effsmt is absent. 
oord t h e  hIpQE3d crccoleraticm COlTeOtlg 88 t o  dynamfc frequency in 

--.. -__. 
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0. Sinoe conditions  (a)  and (b 1 e x i s t ,  there would b e   l i t t l e   d i f f s r s n o  
Ln t h e   & a t l o  m d  dynamio oa l ib ra t ions  of t h i s  pa r t iou la r  d t .  A l -  
though t h e  dynamio aa l lb ra t ion  might show a logarithmio or other now 
l i n e a r  o w e ,  the   devia t ion  from l i n e a r i t y  i n  eaoh ahart d i v i s l m  of 
0.10 inoh would hardly exoeed the  po,aalble  deviation dng t o  e r ro r s  
of rooording. 

d, In rim of the   poss ib le  magnitude of errore  disous8ed above, it 
rould 8wm t o  be f a l s e   p r e o i a i o n   t o   i n s i a t  upoa the  una of‘ a dynamic 
rather   than  s ta t io   oal ibrat ion.of   the  accelerometer .  

e. The  bank values derived by appl ioat lon of t h e  s t e t i o   o a l i b n t t i o n   t o  
t h e   t r a c e  i n  both t h e   q u a l i t a t i v e  cad quan t i t a t ive  studlea of t h e  
main Report are   reasonable  and ooniorm t o  enpeotat im.  

1. f n  Vier Of t h e  IWBbsr Of possible errors i n  the  bunk values derived from 
t h e  Value8 of load f ee to r ,  it i o  hposs ib le  t p  ghraee an aoourats o&i-  
mte of t h e  extent of ouoh er rore .  

2. one fnot deserves o p o i a l  mention, bowever# r e l a t i v e l y   l a r g e  O r I ’ T S  i n  
the values of load  Paotor in t h e  upper p a r t  of the   ohart   eoala  rill k o -  
duae r e l a t i v e l y  mall e r ro r s  i n  the  value0 of “proper* bank. T h h  faot 
is iLluntrated by Table 1, page 28 or P- of t h e  nain Report, w 
the   dupl iaate   Table  A, page 99 of Aooondix B t o  P m .  The Ratutw of 
t h s  ssoant r e l a t i o n  botwesn the  value of load faotor and t h e  “propar“ 
bani% mgl* i s  such  that  i n  t h e  upper part of t h e  ohnrt soa le ,   r e l a t ive ly  
l a r g e  inorsments of load f ao tcc  r ep resen t   r e l a t ive ly  d l  inoremonts 
of “proper” bank. 

3 .  The bank valuna  isportant i n  t h i s  study o f  steep-banked p w e r  t w o  cor- 
respond t o  load faafor r a luaa  i n  t h e  upper  part of t h e  ohnrt seala .  
Therefors,  it would ba exposted that) apa r t  from possible physioal o w -  
o e l l a t i o s  of t h e  errors (ms h e n  one e r r o r  Offoot8 enother i n  the re- 
oorded  traoe) arid am&. from s lgabrn io   omcel la t ion   in   the   p r rgara t . ion  
of indices by areraging values, the magnitude of t h e  possible erroI’8 i n  
load  f ao to r  r o u l d  not essiou8ly affeot . the bank T a h O s ,  exorpt in i s o -  
latod iastanoes. 

4. The da ta   der i red  from t he   l oad   f ao to r  traos -re thua dsomsd t o  $0 ado- 
quete for t h e  puipoaaa of this  exploratory  etudy.  &eater  prooleion  in 
auoh &.ta,  however, l e  raoommended f o r  future etudie8. It Le t o  be noted 
tha t   t he   t r ea tmen t s  appliLgd t o   t h e s e  r s o o r d s  i n   t h e   q u a l i t a t i v m  a.ld quan- 
t i t a t i r e   ann lysse   r epor t ed  i n  parts x and a of t ba  main Report ailSioi- 
pnte many problems r h i o h  might b6 enoouatared i n  t r e a t i n g  more s O W r a t 0  
reoords of a n  improved instrmsnt. 



4.. The cal ibxyt ian of the l a t e r a l  j & m n & & + q  

Tt will be recalled that two  pen&~ilums, eech stopped a t  the  mid- 
point,  a r e  employod t o  ' i nd ica t s  deviations frm the   pos i t ion  of 
lateral. balence. T& fo l3ovbg  dloeussim applies to each pen- 
dulum, and t h e  sir.gdar'rpendulux?is am@oyed tboughout .  Each 

inagines  himself t o  be viewing t.he plane f r o m  the  rear, the  dia- 
of  Diarrans 3-5 rrp;llieo eqoaUy +ell to e i t h e r .  If the  observer 

gram rrpplieo: t o  tc3 l e f t  pendulcm; if he imagines himsaif to be 
viewing  the plmo from thhc front, the diagram applies t o  t h e   r i g h t  
pendulum. The two t r a c e s  psolt.aced by these pendulums were Cali- 
brated s t h t i c d l y ,  and t h s  scale is such thtit each 0.10 inch-in 
height of trace reprssento 20 hddit . ion&l  davietion from t h e   l e v e l  
posi t ion under s t a t i c  conditions. The limit of the   sca le   for   each  
t r ace  is Uc. 

This s t a t i c  calibsat.;on fails Lo give eccurate r e s u l t s  wdsr con- 
ditions of fligbht, hawaver. The following meterial is a resuae* 
of the  inveotigaetions to detarminse %he c a p a b i l i t i e s  o f  the  pen- 
dulum es m icdkator of angular deviat ions from per fec t  lateral 
m m c e .  
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and the l a t e r a l   v e l o c i t y  will be C o n s h t .  At t h i n  
time the h t e r a i  wind force  will be of such m-ni- 
tuds &s t o   b r i n g  tile a i rp l ane  ne t  external force 
vector   in to  line w i t h  B, i .e. ,   the lateral wind 
fo rce  will be equal   to   the  mass of the   a i rp lane  
times tie i n i t i d   h t e r a l  acceler&tion,g. At t h i s  
t i n e ,   a l s o ,   t h e  pendujlurn  comes t o  hm& in l h e  m, s ince  t i t  is the pos i t i on   i n  which i t  i s  3ub- 
j e c t e a   t o  no lciterhl  accelm-a.tion. 
thec,  indicttces the t rue   angle  of slip. Tblftndulua 

(6) RetveeE t&se tws  poin ts  ( i w e . 9  betvecr~ the Lime when 
t h e   a i r   r e s i s t a n c e  i s  negligible  and lateral accel-  
e r e t ion  i s  a maximum, and  the t ino  when the  air  re-. 

ve loc i ty  ~iYnout, l a t e r a l   a c c e l e r a t i o n )   t h e  pendulum 
sistknce  causes  the  plane to  move a t  R constant  

will h a g  i n  8 iine OJ between 9 and 03, end ind ica t e  

be less than  the t m e  an&. The reading given by 
a def lec t ion  from l a t w e l  balance  which will always 

t he   t r ace  will be@-W, wherecdis the angular errnr.r 

any value from 0 ap t o   t h e  value, of@.) 
may be m p h e r e  between  and .!& w d  L'may have 

-- 
I$ It should b e '  understood that the slip situation shown i n  Diamam 5 is 

l o t  universal, and that there sill i.3 h c t ,  occur  instances  in  which 
the pendulum i n d i c a t e s   t h e   s l i p  sogle immediately. 

I n  Diemam s9 it i s  assumed the: the  airplane was i n  p e r f e c t   l a t e r a l  
balance >until auddenly  overbhnked, and therefore  the Lateral ( s l i p )  
veloc i ty  was 0 a t  the beginning of t h e   s l i p ,  In such an inahme,  

than it was be fo re   t he   s l i p  originated. Another general  case is o m  
it will be  noted,  the  actual bank i n  the s l i p   s i t u a t i o n  is grea te r  

in vfhich t he   ac tua l  baa remains constant,  b u t  a t  the  moment of o r i g i n  

a c t u a l  bank (i.e.> is decreased). In thia   case,  the s l i p   v e l o c i t y  
of S l ip ,   t he   r a t e  of  tlm is suddsnly wide =improper" for tine par t i cu la r  

. new Valu3, so that the pendulum indicates the t r u e   s l i p  mgle  hned- 
acWirs8  i t s  f u l l  vahe as suddenly ~ i 3  the rate of turn  acquires  its 

in t e ly .  

Slips or ig ina t ing  i n  the latter manner ( i .e . ,  by the establishment of 
an  "impzoper" rate of turn)  undoubtedb c c e s t i t u t a  a f a i r l y  large prn- 
poZ"kios of  the t o b l   s m b e r  of sLlps, and in such instaocea  the pen,- 
dulum is  subjec t  to no Lag i n  indicot,.ing t he  s l i p  angle. UnPortunateLy, 
however, t he re  !.s no sa t i s f ac to ry  m y  tu d l s c r h i n a t c   s u c h   s l i p s  fro= 
the  psrhaps equally l u g e  nunher which r e s u l t  f ron sudden  orerbankinp. 



( 7 )  T.3 eu~.m,rizrc, .:,.s l m g  Viep ?.a&erd cccaiez;tion 
ahicil acccu.pen~~s a given. s l i p  or skid is ullopposed; 
the  g i w n  Lstscel pondulrrm will h m g  i n  t h e   v e r t i c a l  

a t i o n  cannot be f u l l y  recrlized  in the air, b u t  will 
of  t k e  airphrle wid show deflect ion.   This   s i tu-  

be apprcxbtec? in. the first momenl;s of  a slip r e s u i t -  
ing from aLd;den oveibanking (or R skid r a s o l t h g  f r m  

t h e   l a t e r a l   v e l o c i t y  of the ajrpime i s  very low9  and 
sudden wderbmkicg] .  Uuring t h i s  initial pe-iod, 

motion is negl igible .   then the e i r - r a s i s t w c e  .'icreasea 
i n  consequecce t h s  air-resiatacce t o  i t s  la te raL 

LI deflection a d  the  Xing  which i s  too low. This 
t o  a s u b s t m t i a l  quuantity, the  proper pendulum SLOWS 

daflecticm Is 202 the  t r ~ e  angle  of s l i p  or sk id ,  untiw 
the   a i r - res i s tance   i rc resoes  t o  such  a  value t h a t  the 
l u t e r a l  re.Loeity of +he plane is consttlnt. Then and 
only then d3es the   def lectmion of the pendulum indice'ce 

as it weuid mder stat ic conditions. 
the eagle of s l i p  or s k i d ,  I t  then dueu t h i s   d i r e c t l y ,  

(3) It will be noted t i t  the e f f e c t s  t o  which the  l a t e r a l  
pendulum a m  s 'Jbjact   are auch t he  3me as those t o  which 

s ince   t he   pa r t i cu la r   e f f ec t s  are independent of the 
ths hall of the  ordinary  ball-bank  indicator t s  subject., 

masses of ?,he pendulum bob and of  the 'bal l .  A t r ace  
on one of the lateral. l i nes  of the instrument,  then, i s  
analogous  to 6 curre  of  the uovement of the  ball nploLtedm 
agginst  time. 137 

n37There =eg of course, c e r t d n   d i f f 3 r e u c e s   i n   t h e   e f f e c t s  to which  t.he 
pendulums and the ball are subject,  owing t o   d i f f e r e n c e s  in bsc;p.ing. 
Except f o r  stops plhced 6%. %ha extremes, the pendulums have no &anping, 
i f inor ing   s l igh t  d r y  frictional f ac to r s .  The n a t w a l  frequen?eg of the  
pend;llums is lcireh higher :ban 'that. af the ap;.lisd acce lera t ion ,  Come- 
quently,  .t5e  only errars t o  rilich each pendulum i a   s u b j e c t  i n  indice.t(ing 
the  appl ied  accelemtion (SIC the   s l i p   o r   sk id   ang le )  &?e those of vibre- 

indicator ,   hmcvsr ,  is :Isar*ily damped.; i n  many such  instrunents t,ha extent 
t ion,  which ~mp be ident%ff.ea on +he  record ana discounted. The baLl 

rill faii t o  foI10m' any imposed rccelerot ion by an  error whose magnPlituie 
a f   t h io  dempiug excecda the critical -mlue. For th i s   r ea son  the 'x11 

rill depend on the frsqiencies of  that accelerat ion,   a l though thfi ball will 
no& be s i b j e c t  t o  errors of vYt'oratAc.n. hioreover, the exten t  of this error 

negl igible ,   s ince the b~Al b&ik iandicstor i s  designed  to be R s t b t i c   i n d i -  
of i r t s e n s i t i v e n e s ~   t o   t h e  hpnsed acceleration  cannot be presulrad t o  he 

ca tor  and nal, for qtlani,it.atise Qnam3.c mafisurernemts. A t r ace  on o l e  o f  the 
l a t e r a l  imbalance l ine8 o f  the  instrument: then, represents  a curve of the. 
movement of an "idealised" (i-e-, undamped and therefore mwe sens i t i ve )  
bal l ,  "plotted"  against   t ime, rather than B curve  of  the  movment of' Yne 
ac tua l  b a l l .  



Thus, tha l a t o r a l  imbBlanoe t raoas  of t h e  inotruimnt 
repraasnt ern objoctive rerrord of k t a  aqlogoue  t o  
thoaa by v h i c h   h e t r u c t o r  and pilW6 appraise  ~ihe ex- 
t a n t  m d  fnpon'taace of l a t e r a l  imbalance. 

1.9)  If, hWBV86, t he  magnitude of the  apava-described BmoF 
XOFB ne@.il.giblep id., if t he  iteight o f  d given tlY%Qe 
at a givon poifit  repreeented tho  angular magnituda af 
s l i p  or skids  further quantitative  troatment  could ala0 
be ma36 c~f t h a  &&a afforded by the t r aces .  ObViouely, 
t h e  data m y  b6 quant i f ied as they stand by measuring 

the  pondulums frm zero posi t ion.   Quant i fying  the data 
In t h e   a r b i t r a r y  ohart u n i t s  %ha extent of motion of 

would fnoraaee tho scope o f  quant l ta t tve  t reatment ,  how- 
by measuring t h o  angulsr  magnitude of t h e   s l i p s  end skido 

over 

(IO) It is impor tan t   to  no te  t h a t  t h e  abovedescr ibed   e r ror ,  
when present ,  must  always be tl negat ive  error .  T h a t  
is, the pendulum can  never show a def l ec t ion   p ree t e r  
than  the  actual   angle  of s l i p  02 skid,  although it m y  
show a deZlection w'nich i s  -. Likewise, a positive 
tre.ce on one of the l a t e r a l   i m k l a n c e   l i n e n  m e t  i nd ica t e  
that t he   pa r t i cu la r  wing was low, although  the  absence 
of e p o ~ i t . 1 ~ ~  t r ece  on e i t n e r  1.be does   no t   necessmi~y  
i n d i c a t e   3 m t  no SI-ipping or skidding had occurred. 

might hsve baca so s l i g h t  that the  air  r e s i s t ance  b u i l t  
{The 6ngular  magnitude  end & n a t i o n  of t he  slip o r  skid 

-up  was negligible; hence no positive trace occurred.) 
It would appear t h a t   t h e  l a t te r  defec t  is not   ser ious,  
sild that any s l i p  or skid  which is so sl ight  and so shor t  
t h h t  no t r ace  is pro2.uuced  may be safely ignored. 

2. -tent of e r r o r  of the  1ahralpsndUluLBS i n  showing slio or skid 
!a& 

Two methous  of exaininng the errorl38lescribed  in 5he preceding  sec- 
t i o n   w i l l b e   c o r s i d s r s d  here: !Jethod (I) -- Calculs t ion of correc- 
tims t o  be applied t o  the instrument record to give trrrs s l i p  or 

k f t o r  'a time, 4, is l e s s .  thar. some specif ied  angle  when tho  plane is 
skid sngle;  a?d Method (11) -- Dereonstration thet the  record  error  

subjected to a constant s l i p  ~r skid angle at any given bank a n ~ l e .  

a. 11) Unfortunately, t o  e - q r e s s   t h e   e r r o r  8s i n  3ethod (I) 
requi res  e knowledge cf the  t ime  his tory 09 t h e  t rue  
slip o r  sldd angle,  and this knowledge cannot  be  derived 
from tne p r e s e n t   d e b ,  

1 3 k t  should b~ underatood tha t   *h is  mrror i s  theore t ica l ly   inherent  in t h i s  
type of instrument  and  does  not rmsult from an improper  construction. 

'< 



_: 
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(2) Idoreover, the indicated  =@tude of 6 given slip or  
sk id   canmt  be made t o  show the h o  magnitudr by 
adding a correction  nhich would be q p l i c s b l e  t o  &l 
readings of the  same indicated mhgnitucis. Soma of the 
h d i c u t 6 d  !xi@itudes would bs correct readings [See 

by varvir& amounits, depending in p e r t  on the  h 8  
footnote,  p a g ~  l 38 ) f ihe   r ex inde r  wo7J'Ld be erroneous 

magnitude of the s l i p  (si"  ski^), tine t i n e  elapsed since 
I t s  or ig in ,  and the   cor rec t ive  mavensnts Of t h e  p i l o t .  

(3)  The practical   conseqmnca of this s i t u a t i c n  iu that t i e  
l a t e r a l  irnbalrtrce tracss  crnnot  be  dynanl.cally calihrstad 
by such E process asy e.gSs comparing records of the  
instruuent,  a i t h  simul"hnenus records made hy means of 
a gyroscopic  davice  and  deriring er s e t  of general w l u e a  
t o   c o r r e c t  the instrumental   readings,  Tllero i s  no such 
set  of gsnerelpy  applicsbla  ccrractioc.  m.luca, 139 

Each individual  r e c d i n ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ - c o r r s c ~ . e ~  in, 
dividual ly .  

Xethod 11 -- i a e . ,   t o  detersine, f o r  various s l i p  and 
benk &ngles, the  time within which the  pendulum wLbl 
S ~ O R  t h e   s l i p  mgle minus an a r h i l l e i l y  3pecj.fied 
nnegligible" error -- is obviously the mi's practical 
method of dealing  r iCh tke error. If it wre  found, f o r  
example, t h s t  t l te  pendulum st ta inr ja  a l m g e  y o p o r t i o n  
of its fiuek readhigs w i t h i n  a very.short time,  tile 
error might be regsrded as negl ig ib le .  Or, i f  s i t u a t i o n s  
could ke i den t i f i ed  ia which the   e r ro r  ?&?re excessive, 
md okhhsrs in Prhicb. the  error s w a  negl ig ib le ,  tho  pan- 
dulum m i g h t  be euployed t o  show s l i p  o r  skid angle i n  
csrtdn situhtions on$', i n  accordance with t h i s  know, 
lodge 



(2) 90 determine the magnitude of tho  time  "lag" in various 
s i t u a t i o n s  by ca lcu la t ion ,  however, r equ i r e s  the use 
of f 'OrDulE8 which c o n t a b  empir ical   constants  refer- 
ring t o  the aerodynamic c h r h c t e r i s t i c s  of CQe s ide  

e m p i r i c a l   c w s k n t s  nre not   ava i lab le ,  since tney are  
surface  ( the  fuselage)  of t he  test airplane.  These 

not   custonari ly   deters ined i n  the teaking cf aafrplan.nt. 
types.  Approximations of Lhesa rOnBbnt3 r i g h t ,  how- 
ever,  be mployed for rough estimates of the ti=@ re- 
quired f o r  the  pendulum .tu reach a satiSfaCtOrilY  ac- 
curate   rebding  in  various s i tua t ions .  

j 3 )  Enplrical  clete.min8tion of the magnitude of  the t h e  
1a.g i s  also possible.  The following is an o u t l i n c  of 
a aethod for  such  empirical deternimtionz 

I&) An expts-t p i l o t  would be requirsd t o  execute R 
series of slips from the attitude of level f l i g h t .  

rncgnitude AS poss ib le ,  but s l i p s  on?? a range of 
S A C h  s l i p  would bo held a t  as near ly   cor~s tmt ,  a 

magnitudes nould be  recoxled aith the  E-S Ride 
Recarder. 

(b) A% a given moment, *him w m l d  ba noted on the  

soddenly  and main$ain the desired i nc l ina t ion  of 
record by a s igna l  marker, t'ne p i l o t  would bank 

the winga t o  the horizon  while using ruddeP t o  
prevent turning. The ahplane  nould  be heid 
i n  this a t t i t w i e  until several  seconds aftnr the  
ball-badk  indicator had reached its  f i n a l  position, 
a t  which t h e  tha  pilot would re~ssu!ne level 
f l i g h t .  

( c )  From the R-S record the t h e  required for  ths slip 
t r ace   t o   r each  its f i n a l   h e i g h t  (or its f i n a l  
heigkt  with an c rb i t rDi ly   spec i f i ed   "neg l ig ib l e"  
error) could  then he dsterninsd for ~ l f p s  of various 
m e i t u d e s ,  and w- e s t h k t o  of ths uagnitude of tne 
t i n e  "lug" in the pendulum could be derived. 

(d) TSis procedure would9.  of coursep  require fine co- 
ordinat ion on the IJart of t h e   p i l o t ,   p a r t i c u l a r l y  
in the naintellhnce of E s t r a i g h t   c o w s e  and in pre- 

Tn deternclna $nether the pilot ?revanted fIUrnkg 
venting  s ' teepenilg of tha es tab l i shed  s l i  je. 

and whether the  respoctive slia angles r emined  
constant,  simul'mneous motion  photographs  might. be 

" ,  i . -.. 

.. 





c* Bccallaa the amount ,of e r r o r  my vary, an6 because trac.ea 
of equal  'height mag- repreaent  various v d u s s  cf s l i p  or 
skid,  a dynamic c c l i b r & t i m  of the pendulums ja terns 
of s l i p  and ski? is  impossible. 

~. , * 
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d. In the absence   o f   def in i t ive   t es t s  of the n a g n i t h . s  of the 
tine lag o f   t he  pendulums i n  showing slip or sk id  gngle, 
the more conservative  procedure would seem t o  be tc reg6rd 

line, however, m y  be regarded f o r  p r a c t i c a l  ?urpilses, 
such errors RS excessive. A pos i t ive   t race  m e i t h e r  

as a curve of the  deviat ion,  during a s l i p  or sirid, of  
the ball of  the ball-brnk indiceto= from its midposition, 

m y  be  quantified by means of M a rb i t r a ry   s ca l e ,  and may 
"plotted"  ag6inst  time. Viewed i n  t h i s  manne~) the   t r aces  

and student  t o  appraiee the exten t  and importance of l a t e m l  
otherwise  be  treated AS 6 datum comocly used by i n s t r u c t m  

imbalance:  namely, the  dovilt t ion  of  the bedl from its cen-- 
ter posit ion.  

B. Diff icu l ty  ip. readin+- the  laterel imbalance 'uraceg 

Tha only diff icul ty   encountered i n  obtaining  readings af l a t e r a l  
i m b W c e  from the  chart is the occasional  presence  cf x-ibratim 
t races .  These a r c   e a s i l y   i d e n t i f i e d  and  discounted. The s o l i d  
'spikei'  traces  seen m severa l  o f  the   ? la te8  are  examples:  See 
e spec ia l ly  the left-wing-low line, Pla tes  b9 2, aad JJ" Other 

plate- ana ,a, i n  which II slight vibra t iom  t race  i s  super- 
examples are saen i n  the t races  on the  right-wing-loa l i n e  of 

posed on t h e   s l i p  trace.. Tine ampiitude of these   v ibra t ion  traces 
i s  a l m y s  much less thm t h a t  of the v ib ra t ions   t r s ces  of the load 
factor i i ne ,   excep t   i n  the case of .taxiing. 

~ UI - TiiE PITCH-ANlj-LONGITUDINGkACCEiEKATION~ 

The ~Ftah-cmd-l.ongitudinal-accelerhtion t r t c e ,  it n i l 1  te r eca l l ed ,  is 
producer by a stylus a t b c h e d   t o  an uncraqed pendultm free t o  move 
o n u  i n  the Longitu.udina1 plene* 

A. This pendulum i s  subjec t  t o  a t  i e h s t  two e f f ec t s :  

1. A suudsn  change in the   longi tudina l   p i tch  of tbe   a i rp lane  
cause8 tbe pendulurc bob t o  move r e l a t i v e   t o  tbe  longitud- 
inal axis either  forward or backwmd. Raising  the nose 
of &he a i rp l ane   causes   r e l a t iv s  hc'kward motion 3P t he  
pendulum  bob; 1,orering the nose o f  the  a i rplane  causes  
r e k t i v e  forwaru aotiori of the bob. Nosing up t ends   t o  
produce an upward trace on the  chart,;  nosing down, a 
d o m u d   t r a c e .  

2. Posi t ive  longi tudinal   accelerat ion  causes   the pendulum 
bob.&. save backwerd, teendicg to   proauce.an  qmard  t race;  



Not shown on ari  of the pltites i s  D. trace  indicating  aileron move- 
ments: which, i f  pesert, xould lie in aboat the  center of the 
chart, and a trace  indicating rudd.er rncvernents, whicn would l i e  
below the pltctl-and-loneitudirlal-~&ccele;-ation t race   a t   the  bottam 
of the chbrt. The cantrol nmernerts  recording  systems of the Ride 

raving been judsod tn be l ess  desirable than the Fi-iac Cable Con- 
a%cordar were discarded i n  t'oe f i rs t  week a t  the f ie ld  in this study, 

t r o l  Recordar, which was tner; ins tol lad a r d  employed k conjmn-ticn 
w i t h  the Rlbr: RecorGer. 

The contndj. mcvenents rscorcinn,. systems were e l ec t r i ca l ,  and operhted 
by melne o f  snitches so aloceci th&t ir circui.t w ~ i s  m d e  when the pes- 



tlcui4r" c;m';rol w.5 ZD-roU :>:It. cf the  .xeutral  ranga."%~h of 
the trhcas was prodtiosd by e. &yius  attached t3 t h e   s m e t u r e  of 
c1 uoilblr solenoid oa&get.wh6.ch deflected  the  armature in one 
d i r ec t ion  when the l e f t   swi t ch  was ciosed and in   t he   o tbe r  when 
$he right swi.tch was closed, Thus,  each t race  indicated  the 
-pwticular   a ide of n e u t r a l   t o  which the  control was moved. 

C. Meither  trace, however, gove an i d i c e t i o n  of the extan t  of the 
m n t r o l  movement; n e i t h e r   r e c o r d s d u  movements; and  neither 
indicated tine cPirection of mcvements; (for .the p a r t i c u l a r  
conk01  might be, t o  the l e f t  oE neu t ra l  and might be mov- 

d i rec t ion  of movcment would not he indicated.)  The t r aces   r e r e ,  
in& t c  the right, yet   un t i l   i t , reac 'ne i?  .the no-contact  point,  the  

i n  f a c t ,  signal t races   ind ica t ing  only  the  particular  ranEe  with- 
i n  which the control  was held. 

'Ti& s i tsatSon  Sndicates  no f a u l t  in construction, for the con- 
t r o l  mo-rements recording aysterris  were designed only for this pur- 
pose. The pr.i0ary object ci" t h e i r  Fnclusiun was t o   i d e n t i f y   t h e  
direct ion  of   turns ,  so tilcrt it might be known whether given  posi- 
tive ~ E L C S S  on the  wing-lm  l ines  re;lresented  sl ipping o r  skidding.. 146 

D. The switch systems,  apart  from the   def ic ienc ies  i n  the form  of 
infonoation they were not  designed  to ahcw, were  found a t  t h e   f i e l d  

good citijustnent of %he neu t ra l  ranye. This range was *andesirably 
t o  be somewhet ,ilns&tisfeatory owing to d i f f i c u l t y   i n   o b t a i n i n g  a 

large. Either f @ t r o l  might be mmed several inches t o  z i t h e r  
s ide  of  neu,hal   before   conthct  w4s m d e  w i t h  the  switch. Thus, 
even in fhirly s teep  t .wns, L i e  trLces might not   ind ica te  that 
e i t h s r  contz-ol. had been moved  away from neut ra l .  Xn t h e   l i g h t  cf 
i n f o m a t i o n  pov ided  by inspection of the B i e r .  Cable  Control 
Lecorder records, %hie s i t u b t i o n  i a  n o t  sua-prisizlg; f o r  cont ro l  
luovements i n  nost  o f  the  eiementmy maneuvers are i n   t he  main s u b  

----- ~. 
___I - . . _m 

cable  systums for recordiag. control movements. The C h e r t  has been 
ridenod 'to accomnochte the   th ree   t races .  Model A-2 was emplayed i n  

be  includud i n  the Introduct ion  to   the  report  of that projec t  (McFar- 
the  B m w d  project.  Photographs of the   inskument   and   char t   to  

land,, R, . A e p  and HoLway, A.  H., oD,cit.) 

145Tne newer Hadhed Flight  Hecorders (Models A-2 m d  A-3% emPlOY ~ c h a n i c d  

%&It w&s found, however, that even with the  w e  of the  SUperiGr Priex 
Cable  Control  hecorder, it WGS inpossible  t u  identify  the*direct , ion 

were freqxmtiy  indiel;ingo.iahable from correc t ive  movemente, which 
or' ~ n n j r  turns  because the i t r i t ikt jng  rudder  and a i l e r o n  movements 

bo in e i tne r   d i r ec t ion .  See Enrhibit I, page 1460 

14bStreaniLas  neutral"--i.e.,  de'termined on tne pound. See page 203 
of tniz .Sumlmen.tal  Report. 



a w e d  by e cornparativo~y small r m g e  on e i t h e r  side of  ncut.rahrl4B 

v - DEFICIENCIES O ~ A  DXFFK~ENT -49 

Tbs previous disccsaiw hss been  conflned t o  the  capab i l i%ies  ar.d dsfic,- .  
i enc ie s  cf those deviGe,es which t.he E . 4  Ride Recorder  actusily embodies. 
Nothing has been se id  of the d e e i r a t i l i t y  of o b t s h i n g  several other  
data  not  supplied a t  all by the  instruwnt. 

A p a r t  from the  incsp.psbil.ities of  eoverel of the recording  uni ts ,   the  
data supplied by t h ~  inatruxloni; are incoinplete, for even a complete 
record, of t he   a t t i t -ude  of t h e  airplan6 would n o t  be s z f f i c r e n t  for a 
convenient  evaluation  of  the  perforlnance.  Records of aL l ~ a s t  two fur- 
ther  i tems seem desirablar  airspeed and. alt:Liade. 

The airspeed  record xmld be useful Ln mdt.irt s i tua t i cns ,  per!:aps most 
notebly so i n  the  eases  Ff climbs,  glides,  climbing t u r n s ,  at;& g l id ing  
turns .  In  these maneavers, t h e   a i r s p e d  is the  conveiitional (and the  
most convenient)  indicator of the pilotBs meintenance of  tne  proper 
climbing and g l id ing   mg le .  

A record of  a b s o l u h   a l t i t u d e ,  o r  af changes i n , a l t i t u d e  rslative t o  R 
given  alt i tuderrould.  psrhaps be  ever more d i r e c t l y  applicable. Such a 
record  could  provide  def ini te  and presumably qwnt i t s t i x - s   i n fomat ion  
about a very  important  aepeot ol" p i l o t  performance. 

VI - RECOW,IENZJAATIOBS FOii TiIE USE OF THE E,-S RIDE REGOi(DER 
I_- - 

The following  discussion is as ou t l ine  of suggestions for  the use o f  the  
R-S Ride Recorder  growing  out of the  experience of the present   project .  

A. &chronization of t h e  traces 

1. I n  order to synchronize t'ns t rhces  of  t h 0  A-5: Ride Hecorder 

scale .  A v e r t i c a l   l i n e  dom the cha r t  will not  i n t e r s e c t  a l l  
chhrt ,  it i s  necessaql t o  employ 8 transparent spchronix ing  

This s i t u a t i o n  hrises i;l p u t  from tke  fact t h a t   t h e  styluses are 
t r a c e s  a t  chhr t   pos i t ions   represent ing   the  s u r e  point i n  time. 

constrrhined t o  movs in   e r c s   r a the r   t han  vertic.CLly t o  t h e i r  
base-lines, and i n   p a r t  from the fact  that the  posi t ion of each 
attitMde-r6corcliPlg s ty lus  st i ts  base-lice  does  not fall. jntq the 
same v e r t i c a l  line as the  positicr of the s igna l  styl~s a t  ita 
hase-line. (It was impr&ctical  t o  adjust the  signal u%yluti so 
th&t i ts  p o s i t i o n   a t  i t s  bsse-line would be i n   t h e  same v e r t i c a l  
line as the pos i t ions  of the other s ty luses  a5 the i r   respec t ive  
base-lines. The space  betwsen  the possXbi.e extreme exeuss!.on 

I ml__ 

1485ee page 201cf t M s  SuDDleIcentsl-&qd. 

149Soe a l s o  paga B5of t h i s  -%&&ercen*&3. R.ego&. 



of ehe load f a c t o r   s t y l u s  and t h e  si-1 b6se-lino is so 
sn?all that i n   c e r t a i n   s i t u a t i o n s  the s ty luses  mould touch,] 

2 ,  Synckronization i s  easily  effected  mecfisnicaily by ihe use 

cha r t  6.t rest ,  eech of the sjistems 3.s operLted by haad t o  
of a t rmspnren t  sc&le, constructed as foll.ows: Wi.% Vie 

o b t d n  e complste  excwaion of the  corresponding reacrdiog 
Btylus. The r eco rd   t hus   ob ta i rd   r ep resen t s  e l l  po~sible 
p x i t i o n s  of  each  trace w i t h  respec t  tu the   other   t races  
at the  8bme Lnstwat. This  record,  inCiGding  the  bwe-line 
of each t r&ce ,  may +,hen be re;;roducod on e piece of cataLin 
p l a s t i c ,  to provide t i e  above-mentioned scale .  8s each arc 
on thP  scale   represenrs  a l i  poss ih lc   pos i t ions  of  the parti- 
cular &dJ.Lce w i t h   r e s p e c t   t o   t h e   o t h e r   t r u e s  a t  the  same 

bass-lhes are aligned  with .the chmt   base- l ines ,  scsie a r c s  
t h e ,  i f  the   sck le  be l a i d  on a record siich that' the  scale 

nil1 intersect   the . i r   respect ive chart. t r aces  a t  t i e  positions 
they  occupied k t  the  96918 i n s t a n t .  

3. I n  .view of the s i m i l a r i t y  or  tho racorcihg systems, p s s l b l e  
d i f f e r e n t i a l  lng among the system may be sa fe ly  assmed t o  
be negligi'nie. The t ramperea t   sca la ,  then, ahich is d i r e c t l y  
desiyred to provide  cryncmoniaation of tmces, also provides 
synchronleation of the  recorded  effectn.  

4" The m a t z d e  of the e r r o r  which it, is poss ib le   to  iplcur by 
s h p l y  nru l ing  down" the  chart is i l l u s t r h t e d  Zn P l r t e  lz. 

barred arcs  ind ica te  the true  beginning of th ,  
A ver t i ca l   do t t ed  l i n e  hss bean dropped from si-1 6. The 

This error may not  a t  f i r s t   g i e n c e  appear large; bo t  it must 
- muewsr. 

c o t  be considered  simply in terms of hor izonta l   char t   l ength ,  
ratherein terms of  time. The psition of the sigrral s t y l u s   a t  

other  styluses e t  t h e i r   r e s p x t i v e  hax+=-lincsr Thls c h r t  
i t s  basa-line i y  0.10 inch c h r t  l e f t  of t h e  pos i t ion  of the  

*per speed em?loyea (.I--+';: inciles per minute). The pure arcing 
error   corresponds  to  a tine e r r o r  of 4 sec. a t  the   par t icu lar  

e r r o r  is s l i g h t l y   l e s s , ,  Lmrabic changes in f l i r h t  a t t i t u d e  
COLI16 O C C W  Within tile EpG.Ce Df 4 SBC. 

sL The r e l a t ive   mgu i tude  cf t h i s  possXb1e error is, cf coursep 
decreased as t he  p p e r  speed is increhsod. Even at a paper 
speed of 6 inches psr &Ute, however, it would amount 'to 1 
sac. 

6 ,  I n  certain m e s  o f  the records,  such 8 s  q u a l i t a t i v e   r a t i n g  of 
performsnces bx d i r e c t  fns;>ec'tion, littie use w i l l  be made of 
t h i s   s c d e .  FOP example, ia order t3 &rive  tine seven quali- 
t e t i v e  itescu cons idered   s igz i f icnc t  i n  the Sample Q o a l i t a t i v e  

. .  





Some ?otioa of the amount of this compression e t  a paper  speed 
of li incheR psr minute may be  derive5 from the varicius p l ~ t n s ,  
which are  hU-aiae.  Each turn is longer  than 30 secmds 
several exceed one minute. The 720' turn was one o f  the long$&i: 
IGaneuvers included in the elementary course. lS5xh mnaneumrs 

require no longer 10 seconds f o r  execution. Ten seconds 
as 92' mediuril turns, take-off nm, and 90° glidicg  turns  nmg 

correeponde t o  a chart  length of inch a t  a paper  speed of 14 
inches per m.bute, a chart  length of ~5 inch a t  a rata o f  3 Inches 
per minute, m d  n chart length of I Inch a t  a papei speed o l  6 
inches per minutea 

A. Another e d m t a g e  whlch alone would Jus t i fy  a f a i r l y  high %per 
speed I s  the facllithtion of accmate and adequata ai@allin&;. 
This point  is diecussed mwe f u l l y  under the  next heading, 

c. SiEt38l l i I lR nrocedurn 

1. S i w s  may s e m  any or d.1 of three  functionsr  identification 
of the  maneuver, identif:ch.tion of the  points e t  which It h g h s  
snd ends, and gmding of the performance by tine &?she to r .  

2. Simplicity in tha code is desirable no t  only Tor the sake of eas9 

actual  process of elgnalling, especially if ths   pper  speed is  
in menorizing it, but also f o r  the  srke 02 convenience in the 

h t  a paper s p e d  of i& inches per minute,  because the signal key 
low. Even a f a i r 4  simple s--st.em 0:' signals i s  di f f icu l t   to   use  

aURt be released for nearly a s e ~ o n d  betwem dots or d68heS for 
them to be discrimiziated ae sepesete. 

In the Tuhs study, a fa i r ly  simple code (shono on p g e  1%) wets 
found t o  he Lmwielay at  t h i s  paper speea oven for Lhe insti-uctwr 

'-5; 3600 t u r n s  h v e  recentlx been substitu-bed ,for 720' tu rns  i n  the C.P,T. 
COUTBB * 

It is t o  Le noted an incraase in paper speed riU make no difference 
in the relative  errox of measurenent of  verticaJ, chart  distance, It  i c  
primarily f o r  this reasoa that the records  Bust be projected f o r  accurate 
fine measurements, no  matter almt paper speed is wed. 

.~ 
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A grade i s  signal led  only after a duden%  parfornanoeo 

4 grad* should be signalled a f t e r   t ake -o f f  and  landing, and a f t e r  a l l  
maneuvers oa l led   for   and   s i@~al lcd  ae belaw. i 

S h i s f a a t o r y  performanos for student at present  stage. 
(dot. d o t )  

Poor performnos f o r  s tudent  at pressnt  stage.  
(dot 1 

Stra ight  and leva1 f l i g h t #  (daah) 

Medium hor i sonta l  turn. (Jsrah, dash) 

Steep horirontal. t u rn .  (dnsh, dash, dash)  
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6. &ah oare i n  attf iohing the  chart t o  t h e  take-up r o l l   i a  n e o c e w y  
in order t o  avoid f O ~ J l I n g  Of t h a  paper., 

D, Because tho take-up ro l l  cannot be m o v e d  and the ohkrt  must there- 
fore be umound .in t h a  airplanes t h e m  reoorda should he removed i n  
as short   length5 ne posalble,  

E. Several extra pens ehouXd be kept on hmd eo t h a t  replaoement or 
repair o f  defect ive pens is f a c i l i t a t e d .  

Several extra springe for t he  p a w '  ( t o  actgust. pressure on -the o ~ m r t )  
I v e  m o d  oonvenient. Thepe springa have a rrhort l i f e  i n  f i e l d  uno 
and m a t  be replaced raths* Prequsntlp, 

Out  of t h e  experienoe of t h e  various pro jaa t a  of t h e  Ccxnrnittea  on Seleuticri 
and  Trtdning of Aircraft Pi lo ts   &ioh  have mployed graphia  reoorde  have 

graphic  raoorder. Thstae rsccmmandationa a r a  mbodiad i n  a msmoranduin trifpcr- 
Dome varioua  recommendations for  tho  &sign an3 aonstruat icn o f  an i q r o w d  

mitted t o  C. 5, Draper, progaot dl reo tor  of t h e  Cornnittee pra joc t  st the 
Yaesaohuset ts   lnot i tute  of Tsehnology f o r  t h e  deeiqr? 4 construction of nn 

end M. S. Viteleeg with  tho asaiPtance of Os= haustrorna Jr.# is attached 
improved graphlo f l i g h t  reerorder. This mmorandump prsparad by J, G. Je&inr 

t o  t h i n  >- ae 
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M. 5. Vi te l e s  
J. G. Jenkins 
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ma m c u t i v e  Subcommittee - Select ion and Training of *craft P i l o t e  

3UBJECT: Propoanl  for a Graphic Recorder 

=e submlltting below recommendations on i n S b C t i O n S  t o  be a.i.von to   Rofeaso r  
I. I n  accordsnce  with  the  request of the  Executive  Subcommitte% .a 

hape r ,  Y. I. T., w i t h   r e s p e c t   t o   t h e   c o n s h c t i o a  of an improved graphic 
'ecorder. Them recommendations are  the outcome of considerabh dlscusaion, 
n which much 68SiShlCe mn3 rendered by asear Dackstrom, Jr., foncerly of 
& h e  University,  nor  working with Vi te les  at the Univereity of Pennsylvania. 

retaeen h graphic recorder designed primarily for   "research? and one designed 
11. Theaa recommendations assume that it is necessary t o  distinguish 

udmari ly   for   "cl ini ,cdm or use. In the  construction of the  "research" 
.nstrument,  the  objective would neceasar i ly   be that of building  an  instrummt 
rhich  could  supply  object ive  data   sui t .able , for   detai led  quent iht ive  t reatmeut .  
:n the construction of a "clinlc&ln o r  f ield instrument ,   the   object ive would 
le t h a t  of  pwfect\ng an instrument supplying unaqulvocal data on p l a n e   a t t i -  
;ude and p i l o t  performance, useful t o  an i n s t r u c h r ,   i n s p e c t o r ,  o r  reviewing 
)oard, i n  evaluating  f l ight  performence and progress daring t ra in ing .  The 
' c l i n i ca l "  o r  "field"  instrument would mot be expected to furnish de+& of 
;he type needed to   sht isfy  completely  the  requirements  of an  object ive re- 
m r c h   c r i t e r i o n .  A mclinict la  or mfieliiw hstrument  might, of course, LqcI- 
~ e n M l y  s u p p l y   c e r k i n  types of quant i ta t ive  deta but ,  in the   construct ion 
If t he   ins t rument ,   tne   co l lec t im of  qumnt i ta t ivs   c r i te r ion  dntcr ipovllrf ba 
:onsidered  secondcry end t h e   l a t t e r  would be viensd, when obbtsSnEbl8, as use- 
'ul and highly &ccept&ble  by-poducts of oin inatrument de;i@pe;l essonLia1I.y 
hl: anciinictA" or "f ie ld '  inatrument, Waers t he re  i s  h choice of units, an 
,Mort ,sould na tu ra l ly  be m&de t o  use those which w i l l  both provide data 
medi t t a ly   u se fu l   t o   t he   i n s t ruc to r ,   i n spec to r ,   e t c ,  and a t  the s m e  time 
' k n i s h  d a t a  s u i t a b l e   f o r   d e t a i l e d   q u a t i t c t i v e  rcseoirch, but su i t , eb l l i ly  
'or f i e l d  w e  would be the 9xLw.q objec t ive  in t i e  design and conatructioB 
I f  the  instrument. 

111. It I s  augges*ted that the Immediate needs af C.P.T.P. mmd of the  
lervice8 can best  be me?, by  requesting  Professor  Draper to prepare a graphic 
*ecorder   sui tahlo  for   "cl inical"  or nfiald-  UBC r a t h e r  than t o  undertaks the  
onstruction  of a "research" inetaument. Following &re the gere ra l  speci?i- 
atiQna for t i i s  proposed  graphic  recorder:- 

1. The i n a h m e n b  shoulc: be desipped to pro-Zed& a record which w i l l  
enable an i n a t m c b r  or inspector  to  determine, by impact ion ,  the 
a t t i t u d e  of t he  plane during various meuveirs and the   cont ro l  m o m -  
mente -de by the p i l o t   t o  achieve or correc t   the  observed plane 
&it't 
i n  the C i v i l i a n   P i l o t  'GPairsing Progem and I n  connection with ele- 
m e n k y  hstmction given fn b a s i c   t r a i n i n g  colzr8ee of the  A m y  

uUUr ..I.. The instrument should be spec i f i ca l ly  des@& fox use 



. .. 
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and Rnvy. This implies t h a t  Froviaiom for recordbg w i l l  
l i u t k d   e n s e n t i a l l y  t o  the mora cilementaPy training maneuveFs 
and w i u  not  cover  acrobatic manewers of the  type employed in 
the in+-rwedfate  and  advanced Arg and Navy training. 

2. The &truwrnt rFu, i n  general, be  uwd i n  connection  with etan- 
dard  f l ights  so that no elaborate  means of  Ident i fy ing  aweuvers 
need be incorporated, wit3 the foUonlng exceptionst 

a. The instrument should  include a &Sgnal marker t o  be oprated 
e l e c t r i c a l l y  by the p i l o t  OT observer. 

I b. If possible,  i t  should  include a traoe ahowing automaticelly 
I the bsgiening,  direction, and end of oe.ch turn. 

3. The insbent  should  record all t r a c e s  on one cha r t  t o  avoid ths 
need of eynchroloising chwts. If possible,  each of the recording 
s t y l u s e s  and pens should maintain a uniform h o r i s o n t d   p o s i t i o n  on 
the c h a r t   t o  a w l d  the need of t ransparent  seales or other  devices 

be minidsed,  end, 12 a t  a l l  possible,  excluded. 
for synchronlaing %races OD the sam ohart. Arcink error should 

4. The i n s h e n t  should  give an immediately visible and inkrprwtable 
record which m y  be e m b e d  h e d i a t e l y  upon the conclusion of 
fl ight.  The effect8  recorded  ehonld  not reqube computation for 
inn terpe th t ibn  i n  the f i e l d .  It is ecceptabls  that computatioas 
bo employed In t he  ctise of  such data %a w e  to be used for qwa- 
t a t i v e  purposes; but no computhtion vhntsoawrr i s  acceptable  for 
f i e l d  ime . 

5 0  The cos t  of raprodttcing ths instrument I n  large numbers for f i e l d  
ussj convenience of i n s t a l l a t i o n ;  ease nnd coa t  of maintenance# e&., 

and i n  the selacticm of its cona f i tumt   un i t s .  
ahould be given every cons ide ra t im  In the deelgn of the  jnstruraent 

PV. Ap&t from t he  genernl  p r i n c i p l e s  note8 above. it seem6 denirable 

re lated suggestions r i t h  rsspsct t o  the pxoposed rea0rda.r: t o  placg before Pro?e,isor Draper the following spaclfic rsquirementa snd 

1. The 1.sstrumnt mst provide 3 traces showing the nuaber, CONTROL 
axtent, Had d u r a t i m   o f  movements o f  each of the  3 air 
oontroltl, vie.,etSek (or wheel) r i g h t  and left ;  s t i c k  (or 

HOVEPENTS 

wheel oolunm) fornard  and back; pedal ( r i @ t  and l e f t ) ,  

2. There must be  included a solenoid s igna l  marker, t o  be 
operated bjr the  obaamr or p i l o t  by means of an appropr- SIGN& 
hh switch, for uae in i nd ica t ing  the beginning and and lldllRlIgR 
of each maneuver. This trace  ehould ba aede by a double 

C88e it should seem des i r ab le  t o  Identify and grade man- 
solenoid  to  facilitate construct ion of a signal  code isl 

euvars by code E i g I a d E .  

3.8. The instrument WlSt provide a t r ace  (or trams) t o  record 
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