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A YOV-1OA a i r c r a f t  w a s  modifici t o  incorporate ro ta t ing  c y l i i d ~ r  

f l aps  and interconnected propellers  with Lycoming T-534.11 engines. Fl ight  

tests were made t o  evaluate the  low speed handling q u a l i t i e s  and performance 

character is t ics .  The f l i g h t  test r e s u l t s  indicated tha t  landings could be 

made with approach speeds of 55 t o  65 knots (CL= 4.5) and descent angles 

of 6' t o  8' f o r  t o t a l  f l a p  angles of 60' t o  75'. A t  higher f l a p  angles, 

de ter iora t ion of s t a b i l i t y  and control  character is t ics  precluded attempts 

a t  landing. The noise l eve l  on the  ground under an 8' landing approach 

path was below 86 PNdB a t  distances beyond 1 n a u t i c a l d l e  from touchdown. 

Takeoffs were made v i t h  30' t o  45' f l a p s  a t  l i f t  off speeds of 75 t o  

80 knots and climb angles of i0 t o  8'. Noise l eve l s  were below 33 PNdB a t  

3.5 nau t fca lmi les  from the s t a r t  of ground r o l l .  

INTRODUCTION 

A YOV-1OA a i r c r s f t  was modified t o  incorporate an improved propulsion 

and f l a p  system t o  provide STOL capabil i ty.  Fl ight  tests were conducted 

t o  e v e h a t e  the  low speed performance and handling q u a l i t i e s  of the  modified 

a i r c r a f t .  Preliminary resu l t s  of these tests a re  presented i n  reference 1. 
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Part  of the  f l i g h t  evaluation included the e f f e c t  of f l a p  configuration on 

landing and takeoff performance and determination of the  noise characteris-  

t i c s  when operating i n  the  STOL regime. The r e s u l t s  of t h i s  portion of the  

invest igat ion a r e  reported herein. 

AIRPLANE DESCRIPTION 

ihe research a i rp lane  is a twin-engined turbo-propeller North American 

Rockvell YOV-1OA a i rp lane  modified t o  incorporate an improved propulsion 

system with propeller interconnect and a new f l a p  concept which u t i l i ~ e s  

a ro ta t ing  cylinder i n  the  trailing-edge f laps .  The a i rp lane  is shown i n  

f igure  1. The gecmetry and dimensions a r e  given i n  f igure  2 and t ab le  1. 

A complete descr ip t ion  of the  a i r c r a f t  is given i n  reference 1. 

Rotating Cylinder Flaps 

The f l aps  u t i l i z e  a ro ta t ing  cylinder t o  provide improved turning 

effect iveness and f l a p  l i f t .  The cylinder forms t h e  leading edge of the  

f l a p  and is i n  4 sect ions.  The axis  of the  cylinder is fixed r e l a t i v e  t o  the  

wing and the  f l a p  de f l ec t s  about t h i s  axis .  The d r ive  system consis ts  of 

individual d i rec t  d r ive  hydraulic motors on each cylinder supplied from 

cross-shaft driven pump6 and with a p i l o t  operated on/off control .  Cylinder 

speed is ground adjustable from 2800 t o  7600 rpm f c r  the normal propeller  

speed of 1250 rpm and was set at  7500 rpm. Wind tunnel t e s t s  of the  a i r c r a f t  

indicated t h a t  t h i s  cylinder rpm would provide flow attachment f o r  a 90' 

f l a p  a t  speeds up t o  70 knots. Total power required t o  d r ive  the  four 

cyl inder segments a t  t h i s  rpm is approximately 30 hp. 
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ifbe f l a p  is div%ded hi to  fouf rpuririro ragwnts  correlrponding t o  each 

cylinder segment and includes a s lo t t ed  a f t  regment,13 percent of the  wing 

chord. The relativa deflect ion of these f l ap  regraente (both main and a f t  

f lap) could be adjusted t o  provide various combinations of spamioe d l s t r i -  

button of f l ap  deflection. In  the  t ex t  and f igures,  f l a p  angle i e  the 

t o t a l  deflect ion of the a f t  f l a p  except i n  cares where, for  c l a r i t y ,  both 

deflect ions are given. For example 75. f l a p  is SO* def lec t ion of the  main 

f l a p  md 25. addi t iorul  deflect ion of the  a f t  f l a p  o r  6f - 50/25. The 

g.awtr9 a d  dlmensionr of the  f l a p  are ehown i n  f igure  2 and t ab le  1. 

Propuleion System 

The propulsion system coneiats  of two Lycoming T53-Lll engines driving 

9.42 f t .  diameter 4-bladed propellers  which a r e  interconnected by shaft ing 

through the  w l n g  leading edge. The engines a re  coupled t o  the cross shaf t  

through a gear box and free-wheeling clutch so tha t  e i the r  engine can dr ive  

both propellers. Each propeller is coupled t o  the cross sha f t  through a gear 

box. Gear r a t i o s  a re  given in  t ab le  1. The propellers  were b u i l t  by Curtiss- 

Wright and used on the Canadair tilt wing CL-84 program and have been modified 

from 14 f t .  t o  9.42 f t .  by cut t ing  2.3 f t .  off the t i p s  f o r  t h e i r  use on 

the  YOV-1% airplane. The blades a r e  of foam f i l l e d  f iberglass  construction 

with ~ C e e l  shanks. The propeller geometry is shown i n  f igure  3(a) and 

perf ormarice i n  f igure  3 (b) 

Engine exhaust wee ducted through the  main gear wheel wells i n  the 

t a i l  booms. The landing gear wea fixed i n  the down position. 



The paver management system p r w i d e s  two basic modes of operation; 

the B (blade angle) W e ,  and the  manual mode, I n  the  0 mode, the p i l o t  

controls  6 of both propellers  with a s ing le  control  lever. A t h r o t t l e  servo 

posi t ions thr. engine power levers  t o  maintain a preselected propeller rpm. 

In the  manual mode, the t h r o t t l e  servo is turned off and both the  0 lever  

and the t h r o t t l e  levers  fo r  each engine a r e  manually modulated t o  obtain the 

desired power rpm combinat ion. 

Fl ight  Controls 

The primary f l i g h t  control  systems on the  a i rp lane  a r e  revers ib le  

mechanical controls  operating elevator ,  rudders and a i lerons  with spoi lers  

and d i f f e r e n t i a l  propeller  pitch. 

The p i l o t ' s  controls  a r e  a conventional s t i c k  and rudder pedals which 

operate the  cont ro ls  through a system of b e l l  cranks, push-pull rods, and 

cables. Nose gear s teer ing  is actuated through the  rudder pedals. 

Longitudinal control  is  through operation of spring tabs on the  elevator  

which a l so  have gearc~d tabs. Latera l  control  is through spring tabs on the  

a i le rons  and with spoi lers  and incorporates servo actuated d i f f e r e n t i a l  pro- 

pe l l e r  p i t ch  AB propor t~ona l  t o  l a t e r a l  s t i c k  displacement (f 4' f o r  maximum 

displacement). The AB system operates only with f l a p s  deflected through a 

p i l o t  control led onfof f switch. The t r im systems rncorporate electro-mech- 

= ica l  actuators ,  Longitudinal and l a t e r a l  t r im a r e  a bungee type; 

d i rec t ional  t r i m  is  with a tab  on the  l e f t  rudder. The geometry of the 

control  systenm a re  given i n  f igure  4 and t ab le  1. 
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Instrumentat ion 

The f l i g h t  t e s t  data were recorded fin an oscillograph and photo 

recorder i n  the  a i r c r a f t .  These recorded parameters and the  instrumentation 

displayed on the  p i l o t s  panel a r e  l i s t e d  i n  t ab le  If .  An FM-PM telemetry 

system provided ground monitoring of the  parameters indicated i n  t ab le  11. 

For sme approaches and landings, e i the r  a ground based Be11 radar landing 

ap;noach a id  o r  a pulse coded op t i ca l  landing a id  was used t o  provide the  

p i l o t  with f l i g h t  path indication. The radar system and/or a Fairchild 

photographic Plight  Analyzer were used t o  t rack  the  a i r c r a f t  and record f l i g h t  

path data. 

The Fairchild Analyzer consisted of a t r ipcd mounted camera which 

records photographically on a sensi t ized p la te  the  f l i g h t  path t r a j ec to ry  

2f the  a i r c r a f t .  The lens  and photographic p l a t e  of the  camera a r c  fixed 

r e l a t i v e  t o  the  a i r c r a f t  f l i g h t  path. Tracking of the  moving a i r c r a f t  

manually by the  operator moves an op t i ca l  tracking mechanism with a shu t t e r  

and aperture which exposes the  sens i t ized  p l a t e  i n  a s e r i e s  of p ic tures  

abutting each other  and providing images of the  a i r c r a f t  spaced along the  

f l i g h t  path a s  shown i n  f igure  S(b). 

TEST PROCEDURES AND CONDITIONS 

The tests were conducted from e i t h e r  Moffett Field o r  Crows Landing 

California. A l l  takeoffs  and landings were from a concrete runway a t  an 

elevation of approximately 50 it.  (15.24m). The a i rp lane  was flown a t  a 

takeoff gross weight of 11,582 lb .  (5,243 kg) with the  c .g. a t  22.0 

percent chord. Landing gross weight was about 10,860 lb .  (4,930 kg). 
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Noise mcaeuremsnts were made by f ly ing the  a i rp lane  a t  constant 70 

knots airspeed and SO foot  a l t i t u d e  over an arrangement of microphones s e t  

up on the runway. The noise measuring equipment and data  reduction and 

corrections a r e  deecribcd i n  references 2 and 3. 

RESULTS AND DISCUSSION 

The f l i g h t  tests included an evaluation of the  approaches and landings 

with various f l a p  deflect ions.  Typical time h i s t o r i e s  a r e  shown i n  f igure  

5(a). The landing approach speeds and descent angles fo r  60' and 75. f l a p s  

a re  shown i n  f igure  6. Approach speeds of 55 t o  65 knots were used with 

descent angles of 6' and 8'. Generally, without some form of g l ide  slope 

indicat ion the  p i l o t  tended t o  s e l e c t  the  lover values of descent angle 

(5' t o  6') f o r  approaches. Calculated t o t a l  landing distance over 50 f e e t  

is  approximately 1,000 fee t .  Choice of landing approach speed with high 

f lap 'def lec t ions  was d ic ta ted  by proximity t o  s t a l l  and a minimum control  

speed determined by the  elevator  required t o  control  p i tch  up. Landings with 

f l a p  deflect ions grea ter  than 75' were not attempted because of unstable 

p i tch  cha rac te r i s t i c s ,  low longitudinal  control  margir?, low d i rec t iona l  

s t a b i l i t y ,  and l - a t e ra l  i n s t a b i l i t y  (ref .  1 ) .  

Talseoffs were made w x h  30" t o  45' f l aps .  L i f t  off speeds were 75 t o  

80 knots with climb angles of 4' t o  8' depending on power se t t ing .  Calcu- 

la ted  t o t a l  takeoff distance over 50 f e e t  is approximately 1200 fee t .  

Effect of Flap Configuration 

To inves t iga te  i f  the  longitudinal  s t a b i l i t y  and the  trim requirements 

a t  lov speed could be improved and l a rge r  control  margins provided while 
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s t i l l  maintaining the low a p e d  and dercent capabi l i ty ,  modifications t o  

the  f l a p  configurst isn were made. The modifications consisted of a l t e r i n g  

the  spanwise d i s t r ibu t ion  of def lec t ion  of the  4 span segments fo r  both 

the  main and the a f t  f lap .  The f l a p  configurations tes ted  a r c  l i s t e d  i n  

t ab le  111. The r e s u l t s  of f l i g h t  tests t o  determine the  e f f e c t  of various 

spanwise d i s t r ibu t ion  of f l a p  def lec t ion  on control  margin, s t a b i l i t y ,  landing 

approach speed and descent capabi l i ty  a r c  presented i n  f igures  7 t o  15. The 

best  f l a p  configuration, bared on longitudinal  control  margin, approach speed 

and handling q u a l i t i e s ,  war d t h  the  outboard a f t  f l a p  fixed a t  0" (con- 

f igura t ion  4, f igure  10). With t h i s  configuration, 2 t o  3 O  more down elevator  

were avai labie  f o r  control  near the  eta11 and 4 t o  6' a t  approach speeds 

(f ?.gures 13 and 14). The angle of a t t ack  and power required f o r  a given 

airspeed were the  same a s  f o r  the  uniform spanwise deflected f lap .  S t a l l  

speeds were 1 t o  2 knots higher. S t a l l  approaches fo r  both uniform and 

modified spanwise f l a p  def lec t ion  were characterized by d i rec t iona l  wandering 

and tendency t o  diverge a t  low s i d e s l i p  angles (+ - 5'); OOsideslip was d i f f i c u l t  

t o  hold. Approach t o  the  s t a l l  a t  high f l a p  angles was accompanied by 

buf fe t t  and vibrat ion,  p i tch  up tcndency, and reduced pi tch  control  avai lable.  

The a i r c r a f t  with the  f l a p  configuration having 20' main f l a p  o f f s e t  

requires, f o r  a given airspeed, 2.5' higher angle of a t tack  o r  10" more f l a p  

def lec t ion  and 5 t o  8% more power (f igures 9,  11, an+ 15). T t d s  configuration 

did provide a 2 t o  3 knot reduction i n  speed a t  which the  var ia t ion  of 6, with 

V becomes unstable when compared at f l a p  def lec t ions  fo r  the same airspeed/ 

angle of a t tack  var ia t ion  (f igure 13). 
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A qua l i t a t ive  evaluation was made of the  handling q u a l i t i e s  of the  

a i r c r a f t  during ac tual  landings ?or both the  symmetrical f l a p  (conf iburat  ion 

1)  and with the  beet d i f  led f l a p  configuration (configuration 4) .  Touch 

and go landings were made with these f l a p  configurations fo r  f l a p  def lec t ions  

of 60' and 75'. The approaches were made tracking an 8' gl ide  slope. 

Typical radar t races  and Fairchild camera records of the  a i r c r a f t  f l i g h t  

path a r e  shown i n  f igure  5. Average landing approach speeds varied from 

55 knots f o r  the  75' symmetrical f l a p  t o  60 knots for  the  modified f lap .  

A surrmury of the p i l o t s  qua l i t a t ive  analys is  and comments on these landings 

i e  given i n  the  following section. 

P i l o t ' s  Comnents on Landing Handling Qual i t ies  

The following comments a r e  primarily directed a t  the  landings made 

with the  modified f lap .  However, the  comments a l so  apply t o  f l i g h t s  with 

the  symaetrical f l a p  pa r t i cu la r ly  with regard t o  a b i l i t y  t o  t rack  g l ide  

slope and a r r e s t  s ink r a t e .  Approaches f o r  these  f l i g h t s  were made on an 

8' gl ide  slope provided by e i t h e r  an ILS or  a pulse coded o p t i c a l  landing 

aid.  Winds were l i g h t  (3 - 5 knots) and turbulence was l i g h t  t o  moderate. 

The p i l o t  comented tha t  g l ide  slope tracking was not too bad but 

it seemed more d i f f i c u l t  t o  correct  from a low approach than from a high. 

The a i r c r a f t  response t o  B lever  s t eps  seemed very slow probably because of 

the  l a rge  prop rpm excursion8 tha t  occurred ( f igure  16). Minimum approach 

speed was d ic ta ted  by the  des i re  not t o  exceed 15' indicated angle of a t tack .  

In  smooth a i r  the  p i l o t  wae wi l l ing  t o  approach a t  15' but i n  turbulence 

would back off t o  ml.nimise excursions above 15'. Glide slope tracking 
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seemed t o  de t e r io ra t e  somewhat a t  t he  minimum approach speed. Other than 

s l i g h t l y  d i f f e r e n t  t h r u s t  required and d i f f e r e n t  approach speeds, no 

appreciable d i f fe rence  was noted betwem 60' and 75' f l ap .  Low s t a t i c  

longi tudinal  s t a b i l i t y  did not seem t o  present a b i g  problem. The biggest  

contr ibut ion t o  p i l o t  workload was probably the  l a t e r a l  ax is .  The a i r c r a f t  

is e a s i l y  dis turbed i n  tur tu lence  (low s t a b i l i t y ,  high d ihedra l  e f f e - r )  

and although s i d e s l i p  excursions d i d n ' t  seem very l a rge ,  t h e  r o l l  motion was 

objectionable.  Rather l a rge  and frequent  l a t e r a l  s t i c k  motion was required 

t o  cor rec t  t h e  dis turbance ( f igure  5(a) ) .  Roll  cont ro l  s e n s i t i v i t y  is too  

low. (Dif fe ren t ia l  0 was engaged f o r  a l l  approaches). I f  t he  s ink  r a t e  

appeared too high before i n i t i a t i n g  t h e  f l a r e ,  as might occur when cor rec t ing  

f o r  a l a t e  high on g l i d e  s lope,  an open loop 6 l e v e r  s t e p  was made t o  reduce 

it. Rotation angles t o  f l a r e  were q u i t e  l a rge  and t h e  r e s u l t s  were incon- 

s i s t a n t .  Sometimes most of t h e  s ink  rate was a r re s t ed  and sometimes l i t t l e  

o r  none of i t  was .  There never was any tendency t o  f l o a t .  The p i l o t  Lad 

t h e  impression t h a t  f l a r e  capab i l i t y  might be q u i t e  s e n s i t i v e  t o  airspeed 

(CL) at f l a r e  i n i t i a t i o n .  None of t h e  landings weri uncmfor tab le .  

Effect  of F l igh t  Path on Noise Signature 

Measurements w~ere made cf t h e  noise  generated by t h e  a i r c r s f t  while 

f l y i n g  at an airspeed of 70 knots over t h e  runway a t  an a l t i t u d e  of 50 

f e e t .  The instrumcntation and methods used t o  measure, reduce and co r rec t  

t h i s  Cata a r e  described i n  references 2 and 3. Typical sound pressure l e v e l  

frequency spectrums from these no i se  measurements a r e  presented i n  f i g u r e  13. 



These data  were then used t o  compdte t h e  noise  s igna ta re s  on the  g-ound i n  

the  form 06 l i q e s  of constant noise l e v e l  a s  generated by the  a i r c r a f t  during 

takeoff and landing approach, Noise s igna tures  were computed f o r  a takeoff 

with 30° f l a p s  and 6 landing with 75' f l a p s  on an 8* f l i g h t  path. Time 

h i s t o r i e s  a r e  shown i n  f i gu re  18. 

The computer program used t o  compute the  ground noise s ignat  i essen- 

t i a l l y  " f l ies"  t he  a i r c r a f t  along the  spec i f ied  f l i g h t  p r o f i l e  and extra-  

po la tes  the peak noise produced by the  a i r c r a f t  t o  a point  on the  ground. 

The ex t rapa la t ion  from the  f l i g h t  measured noise  da t a  was by applying 

spher ica l  divergence and atmospheric a t tenuat ion  over t he  computed noise  

propagation d is tance  from the  a i r c r a f t  f l i g h t  path t o  the  ground. 

Typical r e s u l t i n g  noise  foot  p r i n t s  a r e  presented i n  f i gu re  19 showing 

l i n e s  of conetant no ise  l e v e l  located r e l a t i v e  t o  t h e  runway cen te r l i ne  and 

t h e  end of t he  runwa:T. For an 8' g l i d e  s P ~ p e ,  t h e  l e v e l  of no ise  heard by 

an observer on the  ground underneath the  approach f l i g h t  path is helcw 86 

PNdB a t  d i s tances  beyond 1 nau t i ca l  mile from touchdown. Noise l e v e l  on 

takeoff  with an  8' climb angle  was below 83 PNdB a t  3.5 n e a t i c a l  miles  from 

t h e  start of ground r o l l .  

CONCLUDING R W S  

These s tud ie s  have shown t h a t  tts r o t a t i n g  cylinc! f l a p  concept can 

be  an  e f f e c t i v e  high l i f t  device t o  provide t h e  low speeds and s t eep  descent 

angles requirgd £:r STOL performance. The de t e r io ra t ion  of t ? i r c r a f t  

s t a b i l i t y ,  cont ro l ,  and handling q u a l i t i e s  a s  approach speeds a r e  reduced 

r e s u l t s  from t h e  attempt t o  operate  a t  t he  low speeds and high l i f t  coef- 

f 5 d e n t s  r a the r  than being i n t e r m t  i n  t he  r o t a t i n g  cyl inder  f l a p  design. 
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This flap has provided the capability for these problems to be investigated 

on a d l .  propulsive l i f t  aircraft. The flap is relatively mechanically 

slmple and quiet and provided trouble free operation for over 80 hours of 

w i n d  tunnel and flight tests. 
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TABLE I - GEM3TRIC DLWENSIONS OF THE AIRPLANE 

Wing 

Area, sq. f r .  (sq m) 

Span, f t .  (m) 

Chord, f t .  (m) 

Aspect r a t i o  

Sect ion 

Incidence, deg . 
Horizontal tail  

Area, sq. f t .  (sq m) 

Span, f t .  (m) 

Chord, f t .  (m) 

Aspect r a t i o  

Sect ion 

T a i l  length, f t .  (m) 

Incidence, deg . 
Vertical  t a i l  

Area, sq. f t . (sq m) (each) 

Span, f t . (m) 
Chc i d ,  f t .  (m) 

Aspect r a t i o  

Sect ion 

Elevator 

Span, f t .  (m) 

Heximum de,,ection, deg. 

Chord. a f t  of hinge line (ce/cH) 

forward of hinge l i n e  (ceb/c~) 

Tabs (4) (chord/epan, f t . (m) (each) 

geared tab  r a t i o  (S Ise) % 

70 (6.50) 

13.58 (4.14) 

5.18 (1.58) 

2.62 

Inverted 641A412 (mod.) 

19.83 (6.04) 

4.0 

12.97 (3.95) 

35 up 20 down 

.28 

.OM 

.33/3.24 (.lo/. 99) 

-.80 
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Aileron (data for  one a i l e w n )  

Span, f t .  (m) 4.02 (1.22) 

Mexiuann deflect ir  1, df.g. 225 

Chord, aft of hi age . i n s  (c,/c, ) .20 

forward of hi1 ige l i n e  (cab/% ) -06 

Tabs (chord/spun, f s .  (m)) .33/2.84 (.10/.86) 

Dif ferent ia l  propeller p i t ch  f o r  m a x h  + - 4 
contrc l ,  deg, 

Spoilers  (Four d i sk  plat,. type, da ta  f o r  one s ide)  

Span, it. (m) 

Location X w i n g  chord 

span stcr. in.  (mi 

Prrljection X w ind  chord 

area, sq. f t . (sq m) 

Rudder (data fo r  one n.dder1 

Span, f t .  (m) 

Haximum def l ec t io l  , deg. 

Chord, a f t  of hinge l i re  (cr/cV 

forward of hinge l i n e  (cXb. c, ) 

Engine 

Make 

Power ra t ings  (hp) 

Takeoff (5 a h .  l imi t )  

Mili tary (30 min. lid t) 

Normal (coat inuous) 

Gear r a t i o s  

Power turbine t o  t~utout  shaf t  

Lycoming T53 L L 

Cross shaf t  gear 1 ix input t o  prop shaf t  5: l  

Propellers 

Make Curtiss  Wright 1490A2P314-55 

Diameter, f t .  (m) 9.42 (2.87) 

Number of blades 4 

Activity factor/bl  m e  149.9 

Disk areL, escL propeller ,  sq. f t .  (sq m) 69.69 (6.47) 

Solidj  t y  ,222 



Moment.8 of Ine r t i a  

Grcss weight, l b  . (kg) 
~rx, slug f t 2  (kg m2) ( ro l l )  

fyy, slug f t 2  (kg m2) (pitch) 

~ z z ,  slug f t 2  (kg m2) (paw) 

1x2, slug f t2 (kg m2) 

TABLE X I  - 
Oscillograph 

1. L/H prop blade angle 

2. R/H prop blade angle 

3. L/H t h ro t t l e  position 

4. R!H t h ro t t l e  position 

5. L/H eng. o i l  press. 

6. R/H eng. o i l  press. 

L/H eng. torque 

R/H eng . torque 

R/H f l ap  9osit ioa 

L/H f l ap  support acc. 

RIB f lap  s ~ ~ p p o r t  acc. 

Normal acc. a t  cg (2) 

Long. acc. a t  cg (X) 

Lat. acc. at  cg (y) 

Pitch angle 

Bank angle 

Angle of at tack 

Angle of ~ t d e s l i p  

INSTBUMENTATION 

Pitch r a t e  

Roll r a t e  

Yaw r a t e  

Long. s t i ck  position 

Lat. stick position 

L/H Elevator position 

L/H Aileron position 

L/H spoiler  position 

L/H rudder 

Long. trim position 

Lat. trim position 

D i r .  trim position 

L/H EGT 

R/H EGT 

Air speed 

OAT 

assure Tai l  dynamic pr- 

Tai l  downwash 

Photo panel 

1. Altitude 

2. Airspeed 

3. L/H prop rpm 

4. L/H eng. rpm 

5 .  R/H eng, rpm 



Telemetry 

1. Airspeed 

2. Altitude 

3. Angle of a t t ack  

4. Pi tch angle 

5. Bank angle 

P i l o t s  panel 

1. LIE Engine rpm N1 

2. R/H Engine rpm N1 

3. Prop rpm 

4. L/H Engine EGT 

5. R/H Engine EGT 

6. L/H m i n z  torque 

7. RIB Engine torque 

8. Cylinder rpm, L and 2 

9 .  Cylinder rpm, 3 and 4 

10. Angle of a t tack 

6 .  Elevator posi t ion 

7 .  Aileron posi t ion 

8. L/H eng. torque 
9 .  R/H eng. torque 

10. Flap support acc. 

11. Cylinder brg. temp. 

11. Angle of s i d e s l i p  

12. Airspeed 

13. Pressure a l t i t u d e  

14. L/H Engine output turbine rpm N2 

15. R/H Engine output turbine rpm N2 
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TABLE I11 - FLIGHT DESCRIPTION 

Flap D 
Inboard 

ilection 
Outboard 

Gross 
Takeoff 

le ight 
Land 

- 
5 
Land - 
20.8 

20.7 

20.6 

20.8 

2P.9 

20,8 

20.6 
20.3 
21.6 
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