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SUMMARY 

The f lying  qual i t ies  of a C-54D airplane were measured as a 
preliminary t o  an Investigation t o  determine the  necessi ty  of additiona 
or revisions  to  flying-qualities  reguirements In v l e w  of the problems 
associated  with making instrument  approaches t o  low al t i tudes.  This 
paper presents  the  longitudinal  stabil i ty and control  characteristics 
and the stdling characterist ics of the   tes t   a i rplane.  

me aynamic long i tudha l   s t ab i l i t y  was considered good inasmuch as 
the  short-period  oscillations with control   f ree  were well damped a t  all 
speeds. Both the  stick-fixed and s t ick- f ree   s ta t ic  Longitudinal 
s t a b i l i t y  were also found t o  be satisfactory over the test center-of- 
gravity range (17.9 t o  27.9 percent M.A.C.). 

' For two configurations  tested w i t h  the  center of gravity a t   t he  
most rearward position, the elevator  force per g was approxfmately 30 per- 
cent  greater than the allowable maximum value  specified in the Air 
Force and Navy hmdling-qualities  requirements. All other  conditions 
provided even larger  forces per g throughout the center-of-gravity . 
range. - 

The take-off  characterfstics were found t o  be sat isfactory under 
normal operations where no attempt was made t o  raise the nose wheel 
u n t i l  the minFrmun take-off speed had been  exceeded. The elevator, 
however, apparently was not mrfficiently powerful t o   r a i s e  the nose 
wheel during a take-off at 0.80 times the landing-condition s t a l l i ng  
speed  with a forward center-of-gravity  position. It shodd be pointed 
out that the  center-of-gravity  position  for no,rmal operations is closer 
t o  the rearward limit where the nose wheel could be l i f t e d  from the 
runway at a speed low enough t o  meet the  requirements. 
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The elevator w a s  suff ic ient ly  powerful to  f'ulf ill power-off 
landing  requirements at the forward center--of-gravity  position,  but 
during  such  landings,  the  elevator  forces were about 80 pounds as 
compared with  the maximum of 50 pounds specified  in  the Air Force and 
Navy  handling-qualit ies requirements. 

The trim characterist ics were satisfactory throughout the speed 
range i n  d l  conditions. 

The stalling characterist ics were good except that in  the  landing 
and approach  conditions  the stall warning in the form of buffeting did 
not  occur at a speed suff ic ient ly  above the stall t o  meet the Air Force 
and Navy handling-qualities  .requirements. - . 

The control  fr iction waa f m d  t o  be approximately  twice that 
specified by the A i r  Force and Navy requirements, b u t  a large part of  
this f r ic t ion  was caused by the  ~ervos  in   the  autopi lot  eystem. The 
effects  of th i s   f r ic t ion  have been previously  investigated and reported. 

IECRODUCTION 

In connection with a study of the problem of making instrument 
approaches t o  low al t i tudes i n  large  airplanes,  handling-qualities 
investigations were made of  a Douglas C-54D, the militmy cargo  version 
of the commercial DC-4 Skymaster. The tests were conducted at' the 
Langley Aeronautical  Laboratory i n  the latter part of 194.6 and i n  the 
early part of 1947. Reference 1 discusses the instrument  approach tests 
and shows that no abnormal flying  techniques were used. It was con- 
cluded that the present handling-qualities  requirements do not need 
additions o r  revisions  in v i e w  of the  necessity of performing precision 
flying i n  connection  with making instrument  approaches t o  l o w  a l t i tudes.  
The l a t e r a l  and d i rec t iona l   s tab i l i ty  and control  results are presented 
in  reference 2. Reference 3 discusses the particularly troublesome 
ef fec ts  of excessive  friction i n  the control system. This paper presents 
the  resul ts  of the t e s t s  of the longitudinal  stabil i ty and control 
characterist ics and stal l ing  character is t ics .  

c.g.  center of gravity,  percent M.A.C. 

M . b . C .  m e a n  aerodynamic chord 

B acceleration due t o  gravity 

n number of g acceleration 

-. . . .  
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. 

airplane weight, pound& 

w i n g  area, square feet 

impact pressure,  inches of water- 

elevator  deflection,  degrees'from  neutral 

elevator  control  force, pounds ~ 

normal-force coefficient 
(,.&S 1 

stick-force  parameter, pounds per inch of water 

stick-f ixed s t a b i l i t y  parameter 

s t ick- f ree   s tab i l i ty  parameter 

normal rated power 

nose up 

nose down 

DESCRIPTION OF THE AIRPLANE AND INSTRUMENTATION 

The C-54D t e s t  airplane is descrLbed and the  general  specifications 
axe given in  reference 2. The instrumentation i s  also described i n  
reference 2. A photograph  and a three-view d r a w i n g  of the C-54D are 
given in   f igure 1 and the control-linkage  characteristics with no load 
are  presented in figure 2. 

The discussion of resu l t s  i s  based on the specification set for th  
in  reference 4. 

Simila? tests were conducted on a C-?& airplane by the Air Force, 
the resu l t s  of which are  given in  reference 5.  Comparison o f - t h e  
resu l t s  i s  made wherever possible. 

Control  friction." The f r i c t i o n   i n  the control system which existed 
during these t e s t s  was measured-and found t o  be as shown in   t ab le  I. 
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The measured f r i c t ion  was  about  twice that  allowed by the  specificatione 
of reference 4. This high f r i c t i o n  w a s  the  probable  cause of scat ter  
observed in   t he   fo rce  data. A check was made on the CAA requirement 
re la t ing   f r ic t ion  and s t a t i c   s t a b i l i t y  (reference 6 )  which states that 
the  airspeed shall return  to  within 10 percent of the  original trim 
speed when the  control  force I s  slowly released Tram any speed within 
the allowable speed range. A t  a forward center-of  -gravity  position  the 
airplane was trimmed fo r  cruising at about 205 miles  per  hour. The 
speed was then slowly increased  about 30 miles per hour by mwilng the 
control column forward; then, the wheel force wa,a eased  off  gadually 
u n t i l  with the s t ick   f ree  the airplane again trlmmed at a steady  speed. 
This speed was about 3 miles per hour hlgher than  the initial speed, 
well  within 10 percent of the  original trim epeed. However, the f’ricticm 
w&8 considered  excessive by the pilot$.  This  reeult  indicates  that  the 
specification for allowable f r i c t ion  should be given . I n  t e r h  of an 
absolute  value of force  rather  than i n  terms of  the  abi l i ty  of the  air-  
plane to   r e tu rn   t o  a trim speed. Some tests .were made l a t e r  with  frictian 
a m m t i n g   t o  approximately  one-half tha t  alldwed by the  specifications of 
reference 4. This lower f r ic t ion  v&8 obtained by  removing the  autopilot 
servos f r o m  the  control system. The effects  of thia  reduction  in  friction 
were beneficial and are  discussed in reference 3. 

Dynamic longitudinal  stabil i ty.  - The short-peribd  longitudinal 
osci l la t ions were measured i n  the clean  condition at 200 miles  per  hour. 
The elevator was abruptly  deflected in the up and down directions and 
released and. the motions of the  control and the  airplase were recorded. 
Time his tor ies  of a pull-up and release and a push-down and release are 
presented in figure 3.  It can be seen that the  elevktor returned 
inmediately t o  a posit ion  close  to i ts  trim position and did not 
osci l la te .  The fr ic t ion  in   the  control  system probably  prevented  the 
elevator from returning completely t o  trim. 

The oscillation of the airplane, as shown by the curve of the 
nor”  acceleration, damped out  completely i n  less than one cycle. At 
slower speeds the  short-period  oscillations were a l s o  very w e l l  damped 
and therefore  the  requirements of reference 4 were met. The same 
characterist ics were reported by the A i r  Force in reference 5. 

Sta t i c  longitudinal stability.- The s t a t i c   l o n g i t u d i e   s t a b i l i t y  
was measured in   s t ra ight   l eve l   f l igh t  f o r  three  center-of-pavity p06i- 
tions  in  configurations  given in table 11. Figure 4 presents  the  varia- 
t ion  of the  elevator stick force and elevator  angle  with  calibrated air- 
speed and figure 5 presents  the cokresponding vari&€ion of the stick-. 
force parameter Fe/$ and elevator  angle w i t h  normal-force coefff- 
cient CN a t  three center-of-gravity  positions  covering  the  allowable 
range in   the  l isted flight conditions.  Figure 6 shows a sample graphical 
determination of the stick-fixed and stick-free  neutral points. The 

. 

.. . 
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variation of the  stick-fixed and stick-free  neutral  points w i t h  normal- 
force  co.effi&nt i s  given in figure 7. . 

The stick-fixed  stabil i ty was posit ive  in aJ-l conditions of flight 
tested  except  the wave-off condition,at   the rear center-of-gravity 
pos i t ion   a t  l o w  speeds, where the airplane became neutrally  stable.  
The s t ick-free  s tabi l i ty  was positive in dl conditions  tested; there- 
fore,  the  requirements f o r  the  static  st ick-fixed and stick-free 
st&bili ty were sat isf ied.  

O n l y  f a i r  agreement i s  found w i t h  reference 5 on the degree of 
s tabi l i ty   indicated by the  neutral-point  variation w i t h  normal-force 
coefficient; however, small variations i n  the fa i r ing  of the  curves 
of elevator angle and Fe/qc with  normal-force coefficient can  cause 
comparatively large variations in  the neutral point. Excessive sca t te r  
of the f o r c e  data due t o  high f r i c t ion  caused some uncertainty  in 
fa i r ing  the Fe/% against CK cur-ves in the present  report. 

Maneuvering s tab i l i ty . -  "~ The maneuvering s t a b i l i t y  was measured in 
s t e a d y  turns to the l e f t  and right a t  varying normal accelerations' and 
speeds. These tests were =de at  three  center-of-gravity  positions 
covering the allowable range i n  fi the  conditio-  listed in table I1 
except the 1-anding condition.  Steady  turns in the landing  condition 
would have required  excessive flight time due t o  the large  ra te  of 
descent and necessary climb back t o  the test altitude. The variation 
of the elevator force and the elevator angle with normal- acceleration 
in each of the tested conditions i s  glven in figures 8 t o  ll. The 
maximum desirable  value  for the force  per g, as given in reference 4, 
is  ' - pounds &r g, where n is  the limit load factor.  The lowest n - 1  
limit load factor,  corresponding t o  the minirmrm allowable  gasoline i n  
the wing tanks at  high s o s s  weights, is 2.33g. W r e f o r e  the maximum 
desirable  value of force per g would be 90 pounds per g.  For n o m  
loadings w i t h  more than the minimum allowable gasoline  in  the wing tanks, 
load factors up t o  3g are permissible and therefore a maximum value of 
force  per g of 60 pounds would be more  representative. The force  per g 
measured varied from about 160 pounds at the forward  center-of  -gravity 
position  in  the  clean, power-on, and the approach  conditions t o  
75 pounds at the  rearward  center-of-gravity  position in the wave-off 
condition. The p i lo t s  considered the force per g t o  be undesirably 
Large in all conditions  including the wave-off condition a t  the rear- 
w a r d  center-of-pavfty  position. 

The a l t i tude  varied from about 7,WO to 11,000 fee t   for  the tests. 
No tests were made at 25,000 feet   a l t i tude  s ince in a i r l i ne  usage the 

redesigned with a pressurized cabin. 
- a l t i tude  would rarely exceed l5,OOO feet unless the airplane w a s  
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Although the limit load  factor  could  not be reached ilue t o  the 
high stick forces,  extrapolation of the curves.of-elevator  angle  varia- 
t ion wi th  normal acceleration  indicates that the elevator would probably 
be suff ic ient ly  powerful t o  develop a lo,ad factor  of 3g or msximum l i f t  
coefficient, whichever i s  less, at all permissible speeds i n  the 
configurations-  tested. 

The .separation of the  elevator  angle  curves  for  right and l e f t  
turns was caused by the gyroscopic  action of the  propellers. Turning 
to   the  right causes a pitching down  moIllent due to the propeller  rotation 
requiring more up elevator  to  hold  the sane normal acceleration. 

The A i r  Force  conclusions as t o  the maneuvering s t ab i l i t y  agree 
w i t h  the findings i n  the subject . teets .  

Take-off .and landing  characteristics.-  Take-offs were made at the 
forward center-of-gravity  position (19.4 percent M.A.C.) t o  determine 
the  ease with which the nose wheel could be raised from the ground 
during the take-off run. Figure 12  shows a time history of R take-off 
i n  w h i c h  the   pi lot  attempted t o  hold the elevator full up so that the 
nose wheel would leave the ground a t  the lowest  possible  speeds. The 
nose wheel l e f t  the ground at about 17 seconds (76 miles per hour} and 
the airplane pitched up abruptly. The data show that the elevator 
moved down about 4' by the time the nose wheel left  the ground probably 
because the wheel force became too great f o r  the p i lo t  t o  hold. Control 
system stretch may also have been 8 factor  contributing t o  the decrease 
in  elevator  deflection. The pilot  reported that the airplane was in 
the air and flying by the time the abrupt pitching vas checked. 
Since 80 percent of the s ta l l ing  speed i n  the land- condition i s  
66 miles per hour, the requirement that the  pi lot  be able t o  raise the 
nose wheel.from  the ground at 80 percent of the s ta l l ing  speed i n  the 
landing  condition  apparently was not met. The f o r c e  exerted by the 
p i lo t  during this take-off was about 160 pounds. Difficulty  in  raising 
the nose wheel might  be considered  objectionable for operation from 
short IZU~W&YS or rough fields, . However, i n  n o m  operations *ere no 
attempt was made t o  ra ise  , the  nose wheel u n t i l  minirmrm take-off  speed 
had been exceeded, the take-off  characteristics were found satisfactory. 
For normal loading conditions the center of gravity is near the rearward 
limit where the nose wheel could  be raised from the ground below 80 per- 
cent of the  stall ing speed i n  the landing  condition. 

The A i r  Force made some take-off tests using  different  technique 
than  used by the RACA. They did not use  full-up  elevator  during their 
t e s t s  but  extrapolated their results t o  cover the  case of full-up 
elevator- and cancludea that the  elevator was suff ic ient ly  powerful t o  
raise the nose wheel at 83 percent of the landing  condition s t a l l i n g  
speed. 

- 

. ." 
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Several power-off landings were also made gt  the forward center-of- 
gravity  position. A time history of a typical power-off lmding i s  
shown in figure 13. The atrplane was trfmmed at 1% miles  per hour 
with  the  flaps full down, gear down, and engines  idling. Some power 
was used  during  the approach but the  engines were cut  near  the  beginning 
of the  record. The  minimum speed a t  contact, 85 miles per hour, was 
e a s i l y  reached  without  using  full-up  elevator.  Therefore  the  require- 
ment that the  elevator be suff ic ient ly  powerful t o  hold the  airplane 
off  the ground a t  105 percent of the   s ta l l ing  speed in the  landing 
condition was fu l f i l l ed .  The elevator  control  force, however, was 
about 80 pounds as co-red w i t h  the  specified meximum of 50 pounds 
fo r  a wheel type of control. 

The A i r  Force t e s t s  showed Pusufffcient  elevator  control t o  meet 
the  landing  requirements.  Differences i n  technfque and airplane  tes t  
center-of-gravity  posttion were probably the factors  responsible for 
the different  conclusions. 

Effectiveness of the trim tabs.- The effectiveness of the  elevator 
trim tab   t o  trim out the aerodynamic forces on the  elevator was measured 
with power on and power off in  the clean  condition. The variation of 
elevator f o r c e  with tab deflection in steady  straight  f l ight at several 
speeds throughout the speed  range i s  shown in figure 14. The tab was 
suff ic ient ly   effect ive t o  trim out  the elevator forces  throughout  the 
speed  range W steady straight f l fght  in a l l  conditions. 

T r i m  changes.- The longitudinal trim changes' due t o  changing 
configuration were measured i n  steady straight f l i g h t  a t  140 miles  per 
hour. The airplane was-trimmed at  140 miles per hour with the f laps  and 
landing gear up and with the  engines  delivering  approxaately 1/2 power 
(18 inches Hg. minifold  presrmre, 255a T). Records w e r e  taken of the 
elevator  control  force after varying the power, flaps, and gear  settings 
without altering  the  trim-tab  settFngs. The results of  the trim-change 
tests  are  presented in  table III. None of the combinations tes ted . 
produced over 41 pounds of stick force and therefore it i s  believed 
that tk effec t  of changing any one variable would not  exceed the 
specified limit of 50 pounds f o r  wheel type of controls. However, i n  
the  pi lot ' s  opinion, it is undesirable f o r  trim changes,  even of the 
magnitude measured f o r  t h f s  airplane, t o  be in the nose-up direction 
for  lowering  the  flaps and gear, because of the  possibil i ty of 
inadvertent and rapid loss i n  speed. It should be noted that the trim 
changes encpuqLered in accaql ishing a mve-off added up favorably; 
tha t   i s ,  from an approach at 120 miles per hour with partial power and 
f laps  and gem down, it was possible  to add power, retract  the  gear and 
flaps,  and be trimmed approximately for  the climb-out without a l te r ing  
the elevator-trim-tab setting. 
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The trim changes were not measured i n  the same manner as in   re fe r  - 
ence 5 , but where comparison is possible, the agreement i s  very good. 

Stall ing  characterist ics.-  Time hietories of stalls i n  straight 
flight i n   f i v e  configuyations are shown i n  figure 15 at center of 
gravity of 17.2 percent M.A.C., wheels up, and 19.5 percent M.A.C., 
wheels down. The margin of speed at which w a r n i n g  was qoted was 
taken from the  pi lot  ' s notes. 

In the  clean  condition w i t h  normal rated power, increasing 
buffeting began about 5 t o  10 miles per hour above the stall ,  becoming 
violent at the stall. Polloving the stall, which occurred in a steep 
nose-up attitude,  the  airplane nosed down with no tendency t o  roll. 
The force  required t o  move the  elevator up increased  rapidly following 
the onset of buffeting. 

With power off Fn the  clean  condition  buffeting  again preceded the 
stall by about 5 a s  per hour. The stall was characterized by sudden 
se t t l ing  and was accompanied by heavy buffeting and m i l d  nose-down 
pitching with l i t t l e  tendency t o  roll. Although the  elevator  force 
gradient below trfm speed was positive, it was mall. 

In the wave-off condition  buffeting began about 10 miles per  hour 
before the stall and became very severe with considerable  forced motion 
of the  elevator. In the case of the time history shown the pi lo t  did 
not actually go t o  the &all because of the heavy buffeting. A t  the 
s t d l  the airplane nosed down w i t h  no appreciable rolling and with 
heavy buffeting.  Longitudinal  stick-free  stability below trim was low 
and the  forces  lightened  before  the stall. 

In the  landing and approach configurations heavy buffet began 
almost  simultaneously with the stall. The airplane nosed down with 
very l i t t l e  tendency t o  roll. The elevator  force  gradient below trim 
was low. The s t d l  warning in these.configurations was consldered 
insufficient . In the landing condition  closing the cowl flaps from the 
trail position resulted in less nose-down pitching less buffeting 
at the stall .  

In  all cases  recovery from s t a l l s  was eas i ly  made by normal use 
of the  controls, but it was usually  necessary to  increase speed  about 
10 miles per hour over s ta l l ing  speed to   cmple te  the recovery. 

S t a l l s  in turning  f l ight were generally  similar t o  those  in 
straight flight. The airplane nosed down with no appreciable  roll, 
and buffeting  during the stall w a s  severe in most cases.  Time'histories 
of stalls from turns in the clean, normal-rated-power and the approach 
conditions are given i n  figure 16. 
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CONCLUS IONS 

. 

Longitudinal stability and  control tests of a C-54D airplane Led 
t o   t h e  following conclusions: 

1. Both the aynamic and static longitudinal stability were found 
t o  be satisfactory. 

2. The elevator  force  per g in turning flight exceeded the maxlmum 
allowed as specified in  the  AiP Force and Navy handling-qualities 
requirements f n  a l l  conditions. 

3. For normal operating  conditions where the center of gravity is ne= the rearward lfmit, the  take-off  characterist ics weye found t o  be 
satisfactory. The elevator, however, apparently was not  sufficiently 
powerful t o  raise the nose w h e e l  during a take-off at 0.80 the landing- 
condition  stall ing speed with a forward  center-of-gravity  position. 

4. The elevator fulfilled power-off landing requirements at the 
forward  center-of-gravity  position, but during such landings, the 
elevator  forces were about 60 percent greater than the specified 
ma~imum of 50 pounds. 

5 .  The trim  c@racteristics were sat isfactory throughout the speed 
range in all conditions. 

6 .  The stalling  cha;racteristfce were good except that, i n  the 
landing and the approach  condTtione, the stall m i n g  (which was in 
the form of buffeting) did not  occur at a speed  sufficiently above the 
stall t o  meet the A i r  Force and N a v y  handling-qualities  requirements. 

7. The control   f r ic t ion was found t o  be approximately  twice that 
specified by the Air Force and Navy requirements, but a large part of 
this f r ic t ion  was caused by the servos  in the autopilot system. The 
effects  of this f r i c t ion  have been previously  investigated and reported. 

8. The airplane was designed as a cammercial airplane p r io r   t o   t he  
release of the  present Air Force and Navy  handling-qualities  requirerents 
and CAA airworthiness  requirements. Although the airplane d m 8  not meet 
all the   s t ab i l i t y  and control  requirements  of the Air Force and Navy, it 
does meet the requirements of the CAA. 

Langley Aeronautical  Laboratory 
National  Advisory Comnittee for  Aeronautics 

Langley A i r  Force W e ,  V a .  
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TABLE I 

- 

Rudder 15 30 f 4 2 2 5 3  
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Configuration 

Clean, normal 
rated power 

C l e a n ,  power off 

Wave off 

Landiw 
Approach 

Engine parer F h P  Landing-gear 
posftion position 

t 

Idling 4Oo (full a m )  down 

20 hl. Hg, 2550 rFan 20° dawn 
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f 

Candit ion Elevator force 
(lb 1 

Trim, 140 mph; 18 in. Hg, 2550 rpm, 0 
flaps and gear' up 

I 140 mph, normal rated power, flaps 
and gear up 22.5 push 

140 mph, normal rated power, flaps 
up, gear down 30.5 push 

38 push 

140 mph, power o f f ,  flaps 40°, 
gear down 30.5 push 

140 mph, power off ,  flaps and 
gear up 
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(a) mevator control. 

Figure 2.- Cmtrol linkage with no load. C44D airplane. 
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(b) Aileron ocmtrol. 

Egure 2.- cmtirrmed. 
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Figure 3.- Short-rperiod.langitudinal oscil latiane.  054D airplane; clean 
condition; 200 miles per hour. 
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Figure 5 .- Vasiatim of. eleyator angle and elevator  stick-force pameter,  
Fe/qc, with normal-4 orce coeff i c i m t  . W D  airplane. 
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(b) C l e a n  conditicm; engirtes idlfng. 

Figure 5 .- Cantinuep. 
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(e)  Approach ccmditian; flaps 20° dawn; gear down; p m r  20 in. E& 
2550 rlpn. 

Figure 5.- Concluded. 
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L 4  r16 / .  

(a) Center of gravity  at 16.8 percant M.A.G. 

Figure 8.”aneuvering stability  characteristics a8 meamred in ste t  
turps. W D  airplane; clean c&tian; power an. 
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(c) Canter of savfty at 27.9 percent M.A. C. 

Figure 8.- Cmcluded. 
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( a )  Center of g r a ~ i t y  st 16.7 percent M.A.C. 

Figure 9.- Maneuver- stability oharacterietlca ae lp~aBured in eteady 
turns. W D  airplane; clean conditicn; p m r  off. 



(b) Center of gravfty at 23.1 percent M.A.C. 



40 NACA RM L9LV 

(c Center of gravity at  27.8 percent M. A. C . 
Figure 9.- Caacluded. 
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L6 
Norma/ accdenzhon, q 

(a) Cater of gravity at 18.9 percent M.A.C. 

Figure 10.- Maneuvering stability characterietica as measured in steady 
turns. c-54D airplane; w a ~ ~ f f  canditian. 
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(a) center of gravity at 25.4 percant M.A.C. 

Figure. 10.- Continued. 
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8 

(c) Center of gravity at 30.1 percent M.A.C. 

Figure 10.- Concluded. 
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Norma/ accs/eraf/or;r , g 

(a) Center of savi -  at 19.2 percent  M.A.C. 

Figure 11.- Manemering stability  characteriatice 130 msaeured in steady 
t m .  034D airplane; approach conditim. . 



MACA RM ~ 9 ~ 2 1  45 

n 



46 HACA RM ~ 9 ~ 2 1  

Norma/ acce/era f /on ,  g 

( c )  Center of Sav i ty  at 30.1 percent M.A.C. 

Figure 11.- CoIIClUded. 

. 
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Yaw 

47 

Figure 12.- Time hietory of a tak-ff w i t h  the elevator held Rzll up 
until the nose wheel leaves the ground. 054D airplane; center of 
gravity at 19.4 percent M.A.C. 
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Figure 13.- T b t e  h ia tory  of a p m r - o f f  landing. C-54D airplane; flaps 
full down (400); gem down; engines idling; trimmed at 120 miles 
per hour; canter of grarrrity at 19.1 percent  M.A.C. 
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20 

. Figure 15.- Cmtimzed. 



NACA RM LgL21 53 

Figure 15.- Cantfnued. 
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(a> C l e a n  

Lo-" " 

." 

, cadi t ian ;  normal rated parer; center of gravity a 
27.9 percent M.A.C. 
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Approach cadi t ian ;  flays 20' d m ;  geax d m ;  engine power 20 
2550 r-p; center of gravity at 30.1 percent M.A.C. 

Figure 16.- Concluded. 


