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NATTORAL ADVISORY COMMITTEE FOR AE&LEQUTICS

RESEARCH MEMORANDUM

DATA OBTAINED IN THE FLIGHT MEASUREMENTS TO DETERMINE
TEE STABILITY AND CONTROL CHARACTERISTICS OF
A C-5LD ATRPLANE (AAF NO. h2-72713) AND A
SUMMARY OF THE TEST PROGRAM

By Donald B, Talmage and John P. Reeder
SUMMARY

The flight investigation of the C-5LD sirplene was initlated to
determine the neceasity of changes or additlons to existing handling-
qualities requirements to cover.ths case of instrument approaches with
large airplanes. Thils paper gives a brief synopsis of the results and
presents the measured data of tests to determine the stability and con—
trol characteristics. It was found that no new requirements were
necessary to cover the problems of instrument approaches. The C-5LD air—
plane tested met the Army and Navy stabillty and control requirements
except for the following items. The control-system friction with auto—
pilot installed was double that allowed hy the rsqulremente. The amount
of friction was found to impair the controllsbility of the alrplane in
precision flying. The lateral and directional characteristics wers
good except that the maximum pb/2V was slightly below the minimum
required, and the sileron—contrcl forces to obtaln the maximum pb/2V
at low speeds were above the Army and Havy requirements. The longitudinal
stability and control characteristics werse good except that the elevator—
control forces exceaded the limits of the Army and Navy requirements Iin
turnse and in landings. The stalling characteristics were caonsldered good
in all conditions with the stall warning In the form of tail buffetirg
occurring at speede approrims*ely 5 miles per hour above the stall.

INTRODUCTION .

Because of the reduced maneuverabllity of large alrplanes, the
problem of landing the airplane and of masking blind approaches becores
more difficult with increasing alrplene size. A test program was
initiated using a C—5L4D airplane (AAF No. Lo—72713) to determine the
problems involved with this typlical large ajirplane andi to determine

—
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whether or not additional handling—qu&lities réquirements would be
necessary to provide for the conditions of precislon flying such as
necessary in lendings, blind approaches, and generel-instrument flyling.

Ags a preliminsry step in thils test program the flyling qusiitles of
the tget airplane were recorded under normal flight conditlions. Thesse
recorded dats are presented herein. Comparsble data on the normal flight
conditions obtained by the Army for a C-54G airplane, which became
avelilable shortly after the NACA measurements were made, are contalned
in reference 1.

Time histories of control opsration recorded during blind approaches
have teen reported in reference 2. Papsrs are being prepared covering
the latersl and directional stsbility and control characteristics, the
longitudinal stabllity and control characteristics, the stalling charac—
teristics, and the effect of friction in the control system on the control
characteristics in precision flying. The purpose of the present paper
is to make the recorded data describing the handling qualitles of the
test airplane available while further analysis of these data 1s in
progress., o T -

INSTRUMENTATION AND TESTS

All quantities were measured by NACA photorecording 1lnstruments.
The airspeed was measgured on an NACA free—swiveling static head and
shislded total head mounted on & boom l—chord length ahead of the left
wing tip. The airspeed system was calibrated by a tralling alrspeed
head. The accelerstiions were mesasured by a sensitive normal accelerometer
end by a three—camponent accelercmeter, The control surface, tab, and
pilot control—position recorders and the control forces were measured by
elecirical strain—gasge—type control—force recorders. The angular veloc—
ities were measured by turmmeters, and the sidesllip angle, by a vane
mounted on a boom l-chord length ahead of the right wing tip. The angle
of bank was measured by an alr—demped inclinometer or ty a camera
mounted rigidly Iin the nose. Figures 1 ‘through 3 show a photograph of
the girplane, the contro& linkage, and the rudder—spring-tab .
characteristice. TE

The tests to determins the characteristics in blind landings are
reported in reference 2. The tests to determine ths effects of frictlon
consisted of measurements of control gpplication and airplane response
while tracketing a beam end making landings. These tests were made with

—wo amounts of frictlion in the control system; one double that spescifised
by the Army and the Navy in references 3 and L, respec:tively, and one
about one—half the amount specified.
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The tests to determine the lateral and @l directional stability
and control characteristica followed the requirements as put forth in
references 3 and 4 except that several canditlons were covered more
fully. The spproach conditlon waa changed to coincide wlth the condi-
tlon used by most commercial alrplanes, and the wave—off conditlon,
normal -rated power with flaps and gear full down, was Included. Special
tests were conducted to evaluate the pltch due to yawing veloclty and '
sideslip since it was thought that during instrument approaches, partic—
ularly at low altitude where the greatest precision is neceassary in
flying the redio signals, the pilot might turn the alrplane by making
gkid turns rather then by normael banked turns. Other special tests
included a more extensive investigatlon of the asymmetric power condi-—
tion and an investigation of the asymmetric load conditilon.

The tests to determine the longitudinal stabillty and control
characteristice also followed the requirements of references 3 and U
except for the approach condition which was modified as previously noted
and except that a wave—off condition was included.

The stalling characteristlcs were studled by meking stall approaches
and stalls from straight and level -flight in different conditions.

RESULTS AND DISCUSSION

The measurements of friction showed that the control—system friction
with autopilot servos installed was about double the maximum allowed by
the Army and Navy handling-gquallties requirements. Thls amount of fric—
tion impaired the controllability of the sirplane in preclslon flying.

The latersl and directlonal dynsmic characteristics are shown in
Tigures 4 and 5. The directional and sideslip characteristics are shown
in figures 6 to 13.

The conditions of aaymmetrlc power were investigatsd more fully
than the regular handling-qualities requirements specify. Dynamic tests
were conducted in *tke take—off and approach conditions to determine the

_time interval for the airplane to reach a dangerous attitude when no

corrective control was mpplied after an sngine fallure. It was found .
That the rate of deviation from level flight was low enough to sllow the
pilot to analyze the situation and epply the proper corrective conmirol.
The %ata for the asymmetric power conditions are presentei in figures 1L
to 149,

The rolling effectiveness data are presented in figures 19 and 20
and showv that the maximum pb/2V attainable 1s less than the required
amount and that the aileron control forces for meximum pb/2V exceeded
the 80—pound limit even at low speeds.
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Tests were made with asymmstric load to determine the feasibility
of teking off with one outboard tank empty. The only disadvantage found
was the restricted aileron travel in one directlion due to the amount of
alleron necessary to balance the asymmetric load. It was thought that
the aileron travel might be limited t¢o such an extent as to make balancing
at large angles of sldeslip imposeible. This was not the case at speeds
above 120 miles per hour as shown by the sideslip characteriatics with
asymmetric load presented in figure 21.

Concern was expressed by the Alr Transport Association Subcommittee
on Handling Qualities about the tendency to pitch down in flat skild
turns. The sideslip characteristics tests (figs. 9 to 13} showed that
the pitch due to sideslip wae small compasred to other alrplanes for which
the characteristics have been measured and was easlly controllable. A
special series of tests, however, was instigated to measure the pltch due
to yawling. The datae from these tests are pregented in figure 22 and
indicate that any pitch due to yawing was not noticeable until fairly high
rates of yawing (corresponding to an aebrupt 10° heading change) were used,
.and then nose—down pitch was encountered only in right turns. This would
indicate that this pitch dus to yawing was dus to the gyroscopic action
of the propellers. )

The dynamic longitudinsel characteristics are shown in figure 23.
Tke static longitudinal stability characterlstics in five different condi-
tions of flight and at three different center—of—gravity positions for
each condition are shown in figures 24 to 28. The maneuvering longitudinsl
characteristics are presented in flgures 29 to 32 and show that ths
force g greatly exceeded the limits of the handling—qualities require—
ments. The characterlstics of the elsvator tab are shown 1n figures 33
and 34. Time histories of two landings and a take—off are presented in
figures 35 to 37 and show that the elevator forces on landing exceed the
limita.

The stalling characteristics were consldered good In all conditions.
Buffet warning generally preceded the stall by about 5 miles per hour
with heavy buffeting at the stell and mild nose—down pitching. The stall
in the clean, power—off condition was accompanied by rapid settling, and
only in the landing condition was there a very mild roll followlng the
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a+all. Heavy buffeting in all cases continued during recovery until
& 5-to 10-mile—per—hour increasse over initial stalling speed.
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Iigure 1.- Photograph of (-b4D airplane on which tesis were conducted.
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Figure 3.- Characteristics of the rudder spring tab with no load om the tab.
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Figure 9.~ Qontinued.
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Figure 10.- 8Sideslip characteristics.
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Figure 11,- sideslip ohracta:iltics.
gesr down; power 20%; 2550 rpm.
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Figure 13.- Sideslip cbaracteriastios.
and gear down; power off.
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{a} ®o corrective control applied.

Figure 15.- Time histories of airplene motions during a wave-off in which
No. 1 engine fells as power 1s applied, 055D ai lane; flape full down;
gear down; power initially off, but increased to " Hg duripg firet
three geconds,
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(s} Clean condition; power for level flight.

Figure 19.- Variamtiom of aileron wheel force and alleron effectiveness

paraneter with change in total alleron angle at various speeds.
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Figure 20,- Variation of maximum pb/2V available without exceeding 80 pounds
of wheel force with indicated airspesed. (-SLD airplane.
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Figure 20.- Concluded.
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{a) 120 miles per hour,

Figure 21.- Sideslip charmoteriatica with assymetric losd. (-5AD sirplane;

clean condition; normal rated power;Tight wing tip gas tank empty,
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Figure 21.~ Continued.
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{c} 200 miles per hour.
Figure 21.- Continued,
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Pigure 21.- Concluded.
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Figure 23.- Short period longitudinal omcillstiona, G540 afrplane; clean
condition; 200 miles per hour. .



NACA RM No. L7L17a

._‘l
N ;.'— -::
E "
._ -5 -1 :.: —.. k ) . 3
. = 4 = 3 - ] » T T g :_
: - i i
H H =
| _ 4 1
i il
J -
3 3
1 E
- ._ J E B =
g —Hlevaror | - ot
A~
{ N
5
4=
) | 1
i H .
[ 3 -
M ] " 1 . 1
- : o
gFer . .f L4 ¢ 4 §3
- =3 B A
G AR B I R
TEH 5l - BNERERE E
- 1R ! i I s - -]
e 1 A o N [ E
i T - S NACA E
- . - {a) Center of gravity st 17.9 percent M.A.C.
- rigure 2%, - Stetic longitudinal stabllity charecteristics, in tkte clean,
= | normal rated power condition. C-S4#D alrplane.
2 SR IR 2wt S e il et ke B 20 0 0k = et e R T R S A TR 0 T S S SR SR S SR 0 S N Tl W s 5




[T T T T I ™ T
rln._.... ..u_ : 1" - a Auf.. l_' . 4|~\.: - - PSP [ T P ll_.
. H '
e . P KO . L1 ]
i A L
e T T - : T
- EEEN Y
% o ] _ _
.. i % L oy . I..T. ...._._”r . _ [ S S [
m m “ - _.. . 1= LL..l _n _ “... ™"
ol L _ . .
S . - . -

: . " - X
: N I i . » h
1L 41 | 3 ;_a, .
- .._.....J!_ m - " ._ e ; “ .M l_ . . - L. .H
L . . L 1— :...l/.n. _— % R um ....m.. S ]
Ly \ A NYA
: | Ll /. ,

z
¥ on

P -ZP;?Uc fa?r

s SDE

577

- ; I_Il_ L. . “- ..Hy... o _ . .. . _ !_. ...
) __ ; ENAN K g ] RN
T : iG] o

T M AT =B ENBR AL
o - T - -

=11

(v)

Genter of gravity at 23.7 percent M.A.C.
- Figure 24.- Oontinued.

NACA RM No. L7L17a

_ . 3 R 20 _ A9 L . -
.m }4 .\ .. ” % ly jira ﬂ\%ﬂ \v&h- ~ £
\ a1 7N/ 4, A L. - .&J UL . Y ) 5
AEj _ N : L1 L L
v - 0 5 . :
s H L.D- ._\h ool Sl O R .%k P ....._. R \\ C\y b PO .t
" T VT MTH A TEN .l 1 | 1 <! skt o




B & ...." 1 ) m..._ i T ..m “r T “ml ™ N N M.n. TP T "_ T ...m ™ (B .._.. .. Ti .1 I n.
N . ML ME
T O A RN .
. . . _-.— N ' . .
: A O P O O A il e £ 4L
bl u i I R R A " - & L
TR . ST _
St m..r th ' ) . !l.. —4 .Lﬂ ..... 3 .
AIDA frd t . — d .
i | . _ IR Lt S
e = . perp- -II.L = - ...n t..l..—- o e e 1 ; rr TN LI B S -h
. b Gl p _ r“ N ﬂ Am,l ulo
o o ; - g ty
R A I RN
] * L4
™ . . T e T _.\x ~ N R Iy ..11 i m d. -
_rlfrT : N . J . -.\ : - P\rn (1 4 B @
RRSREimuaBEERERIICin Fiareaiy
5 I Y L : A].... e b e s A N @
P _._ / { _ «A[.‘A Y 2 m
! RN/ RN IENN
° _ K% R
]| | olL.... L o Lo ) L
. _, Y T _ Pk
sCTTRT N " 1 i of . I F . ¥z
. [ ) p T i i 41 M N ¢
' : | 3 ,“. ' o 4_ RN T IO / . ..l_ J-te- . ..rv.ll. .—. : L, m
& R e e HHH <
— . § 4 18 “f\
S . R A T g
. - | 1 | L L]
) o | . I i " -
2 ; NN SRR TN N A R AN 5
= _ & : j NS [ .
R .1. TT - ) -y A B
o NEL Y VAN 5 7]
mm * LTy il
<! . . A N Z4NHE . .
= __ 10 0 e O i i
L ] (11T ) (1) . FY ) .o
stes of 3 L aleas ¢ L0
. u u . *%s 9 o o [
s e o’ * Sese oooc
+ ) ’ 4 .



NACA RM

No. L7L17a

L T X ' kR - K i
F :- ” S . b ] -]
i cF E AEEELREEEN
-} - == 0 " '::‘ = 3 1L
= e 1F R ol o <
.- AESE T ; AR =
B LA : 1T 1
" ""_. - '._._ .‘_': '__- 73 .=”' \ ;.._'-E
) - A4 F 'f:-; BN = : -3
: - ERERENEEZHEEREERE R
. ) - R R T 3 My SR . - i
it . — s e S AL = L e
a E T 1 % et F b SN T AR oS _ERETE = x|
_E} B A - T X NG R NN
g ol " = _— & P 3 ™ — — \-. '_-
. = -_':'. -'-'!:—
= - = = 3 3 ; L e
: Q 3 i ¢ i L
AEPINE : 3 e I
R P - E k. T N + i
5 ) - .y :
! 1 - 1 .'1 _ :_.'_-. »"" i
1| -1 i1- 3 ' " i EEE
o R i L i - . “
;r n‘[’ .- B i N 3
S Nl 1= Y 1 . T Evis E B
\T“i:\\ g - .
B S i e I o W
E ~ : 4?[{!7& - :
l__Q ] - » 3
AL h - i
- . 3
T I - N,
T - - E " \ - =" il
— = P ] by - 1 i =
- e — NACA -~
. 1 bl §x - X A .
= 1 1- J 7 a T3 7 474 b4 1
IR ' . A—iElevEior - 3 E
T e % = v G TF
= - ) * - n B " o ‘ ~ r"‘? =t
b :s e "‘ 17 B I \ E Tl o e e e -3
- . - I-L- - el

YAyt it TEbsT Fani Y. 31z ‘7'-“"'.-:'"

_d _nrraktl : pndiaaf ; ; - s B - I
ool ate i daaat

: h‘.]_,u WRHITIN

(s} Oenter of gravity at 17.5 percent M.A.C.

figure 25.- Static longitudinal stability cherscteristics, in the clesn,
pever off ocondition. C-S4D airplane. :

0 S A O T T S T 0 2 O N O 0 I B B A B

D
N,




bt
}

t

L

I—-

i

]
T

1
[
i.-_
[
-
H : 1
!
;
SR
1
1
]
-
T

1
1
F
1
L
I
I
i
1
F
T
1

U T

e - -

B R 4

SR der
CA

b}

——-

t

-

i

i
<
i

1

I S
i
i
¥
—4
1
T
P~
jy S
]
T
]
N
NI
N e e
[N
|
-,aﬁ-

;
]
i
'l‘
:
™
e
Im s
==
n

4.
E
-
1
[ ]
!
:
—
: T
. N
i
H
/
1 -
]

[
e
]
L
Ve
ider
77
2

rigure 25,- Continued.

| it

EYeraror T

(b} Center of gravity st 23.6 percent M.i.C.

T T e T

'\n‘_hﬁ

NACA RM No. L7L17a




T

1]

X . :..._.: _.._ .
m

: ™ L

: i S I SO O T it &

. & . S S ; N N _ ol .|8.“t| e flu] = iy Tﬂ
. \\ Rr.__.

. -3
=

1

I

y

1
e /:'—4

N

Aol
P
-

1
t
!
'
1

N

-
e
|
11
]
i
1]

LV

: '*v

7

¥

T 4

—f—

im;

-1
T
1
I
,
i—_—
H
— e A - —_..l._..——l-__

NACA RM No. L7L17a

o o ; \ ; j i Ly
N CE UL “ _ | T TY
- T - vt b i “.,.. - dmaf .
Lol 4 — -t = ; %M
% *|s 1] : ' L ! . AUV O T T O T O 1 .
_._ wn [N PA H w.._ _ #
3 a. _ I } B m JP TN R U MRS PR O P S 8 “m.l.
! ﬂ . _ ! i / Bl
- A ' R AN 3 J QY lr.ﬂl. R \.w.
i L. I S
L . _ NE: L ofta R o
N o CrT T T T T B
N , T IR NN
I ' i y | !
h D N R AR AR N p & | L
h.. _ 2 . ...._... .IJI_ _.|m... 1 m W.._ | l.“ -

! - [} 4 sﬂ A 5 +HY .
i g T ) ety e | S
Ubd il TPUraop ) L , _ “ ] 1

s A i M i

T T 1 T ; _ ; :

L L 4 e IR
1 _ Tt 1T

i

Center of gravity at 27.9 percent K.A.'c.

A

7 A

Figure 25.- Conolnded.




T I ;-__ K H ] 1 4 K
3 3 g - 3 . § I -
- - 1 E - 1 - - ey L d
1 H B T i ;] Fp % 3 a
il = 1 b= B 0 o 1N IS I = E i i v
7% I 2 2 S ) N A N G S A
NG o 1.4 il 4 L
4 1 = - P 7
-~ B 7 [ . i _ - E
: E . g 1 J. 1. -
* : 2 i - B E I~ - 4- - _:
] i
E i 0 H - T
\, e
1* - ] }
S ] + b il 4
TS p E
ENERNNE !
¥ F 3 3 + T
At . i i !
- RN 1 ] I . *
= l . ]
: T . i -
i - ¥ -
1 - . 1
W P i
£ : 54 ifif | 3
Sl gt AR - S S
<IN ! 3 R | i
g1 i t g | 1.} i ; :
R ' I S A T I
] RERN T v r
i i ' i i H I t
. 7 + AREENREE :
j EEN AR o
! i . ]
j ; 1 ML
: ] b RN L1 i
i 3 r T P i 'T:?
R i = T T l
AT N Y 7a] F( L - L —
i . - —Fudder i i
HINARIEEN . T3 RE YL o v =
AN T 7 e O O O
? N MENEARELAERS ™ AN i1 !
X RN - NN A e o = R ENEE | I
B o I A 4 EX 3. F P - -k -t R
- E 1 -3 5. v P .} & 7 4 - . m 3 R ) ” f . :
i L 'm'rﬁ-ci - Indidatalt | pirssak 272 i
: - i A2 Lﬁa.z 2 i NACA, —
i f i X 1 - ; . . I i- A

(s} Center of gravity at 19.9 percent M.A.0.

Figure 2b,~ Static longitudinal stebllity characteristica in the wave-off
condition; flaps full down; geaeT down; normal rated power. 0-54D airplene.



NACA RM No. L7L17a

[ NI A b B I3 T {RHE .
amelerd Aw i 1~ e oo _n ' _ h - _.. .. |r_.ﬁ [ P, P : I
L . . L, ' [ g . . .. -
e L : ot IS I B A R
. * _ﬂ N . m. _ 'S ._ ) + ) ’ . 1 .
m < _ 17T : R H R : ' RN I m....-...."l'
. T N T T
T T T T TR fun / s
1 : t ! i i M ' .l.
_ T i (1) 5 TR
* 19 I “ B e e e ...._.. ~ T d | 117 ..m X “ @ - :
o i vodos o mfeale e - 1% TE1 U B . L - R e .o
T .& KT * ..M_m ] ] .MVJ \ r 8 M .
. . . q - * B . ) w .m
Lde imiane fom e - e - A . th . e .
MEBORE A . __w QLS i) IR _
_ 1 NN Ne ot S L Lot iy N1y ®
o " . 1 SN . ‘/. " . : ."_ w ..- f - .H by, . .Wu- _-
: _ . N N Jw I N ER N
™ TTRTT 4 " iy S 1L m. m
i L L;f}-l - @ - ol h# . - -1 Ny B -
[~ s TP _ L N BT TR E < “
HRRN RN 0 . g
. . | . RN 3,
” I i __ ; T S
e —] e s A R S - B R Dot B T S P T B .. aied CIEYY RN PR FRON — b feen]e o
el ] : B , ; Ll ; : | g2 .
g ch i S]], . i
_ - I.w:a.-..m b _ s % _ _ !.__t.#... " ._ ”-_m*._._.J.«:.-
. | ] - L o : H |
. LR A7) T i T T | A7 &7 i
_ R4 W P I O A O s I
By 7 {2 Pt o H /4 # '
T : Q~ TSEH/G ..|”_-... U‘Q ~% _.. AL el _.... .L e g ‘.\\T_gu? YT _ .
* T _I _| ; -1 ¥ 1 | _ ; b (s : T
. | | ] | E "
3 T = . IR T : T !
N _ ok .. ! ."_ .— ) . X _, . \
N |- 1 " i X |- ' .
. n T ]
’ ettt o :
L - " + : A . . .__.. [ S ad. aefemd ] -
ALy L L ] . h J
o T K ™ T g " - :
b Ll e A 1] ._l [ S L] uile 0 1 R A
. °e  esoe
13 s o .
seOe @ L)
¢ e o .
T3] s o
¢ vees awp
\d ] +4 'Y ]



NACA RM No. L7L17a

! o ERTERET T A I U . I Lo i ST B L N T T ™ TTT
il i) Ol e defh EAEN T
Wi _IN i ..:.. . . " it . : . i N
! i SN S . e art Zor! S S Y B ef ikl b .ﬁjx_.L-LFnl_..-
P :.m. T N :..n 0 ,. = T T
T ETITET T T ‘ Tole Lo 1. | I _ Y R
I AN e ' I . oy -
]
__ A : ; 1 RRE 3 .
. Jdo [ D T I (RO JUROT PR WY e P R R < . e . e
AR TR R )
BB R BN NG AN RN R SRR RS X a: e s a et s na Y
. .._ 4” , .“ “ .r“ - w I_. " Itm 1 ] m 5- k
A AR 1 - 4 . . ) « " ]
i - B 0 N N S O I . : b JIC R ST
, ) i) NI £ 114 ]
L. ; : R o L ] o = ol L H .
o K1 T | 1 T R - R
i ! . 3 AT BT TR 8 8 7
. R i N 4 _ : ! o 8 !
ST 4 i - _ r i : : - 2 S -
2 W A w & : ._I_T t..h._l‘ RO RN S RS- O W TR o ! ..ﬂ..hl. g .
Mz N | 4 i 4 I uﬂ R
i ) ' i ¢ ’ H ._.164._. 1.4 ' ne i N .1..!.. b ,.-.w 7
_ _ . . A i R ENE IR
. “I§T % mtr_ -
: : . th 9ht. B o L-L....ﬁf... 1 & 8
. ) T 4 K] .w..u “1
: 1] i (I8 9. NIV ) RIE B
: e . [ . I|Il\_;|.-.rl.“. . -Lm PSS FNEOR D o U O Y -
w: I O e B il . - - M
. 9 . . uq : . '
" iy T: N S _ N I . i < T
- - ' Lot vafn b et iy T ol N - ! . - ..ll *«lcr.... ——e| s - s oaf ._.mw -l
A e - o
. " L - .. ol POV -f- FEeS Py NSO PO S YUY Y o
T ..... b v T ' -
Lo e D .nu r,....,l_r” auli AQ d ! & - ...ML...\... Irl..ll%l.!. & nw -~
Fd
42y ) B THEE o TR T T ]
N i R TR AN ARNEE -
Lk i i gyt 17T T T TP i
eI - Yooy 17 - Wt rozaagy T
B ! AN P-.. . : X
s - et ! . . ... [t L. - - — ]
e et o B B K .
DA ) _ . TTETT .
. - Ld. o - Rt SRR R LA A 2 - L -
L LT T ] . LI )
° s sewe
® [ ] [ ] ®
obew & [ ]
L ) [ [ 4
Y *
® ssve we ¥ ) » '




NACA RM No. L7L17a

T T T - — i = T - i ) ch Fa : —T- =
P - g & o
N ;“ _1 .:. _...- E ~ 3 - . ) - e =
- r § B 0] b ] " 1 E - 3 E
b b o el E R - 7
i R N I 3 =i - =
{3 : . e e
T "15 ’ 1 3 S 4 1 b 0 1.3
'-'i!l ; b = 13 ) [ 3 i -
= F a f E o} R F B
3 L-‘L"‘ K } ‘ 4 - E
H T i} R f
3 KR z =

11t

+ - - - 3
; A TTT FT T T T
T T T T .
. i i i
J;: - :; ; - gﬂf i~ L_‘ 3 *—.
- f g‘ ZE L3 i E
g f '_g" " ke g e ,;
B! . . - - - +
TRARNENENEIE X, -+
% N :
' ' ] [ - 1 .
J _ﬁ' 1 1 N ]
A & b P ki
I =
o T o o
N3 i ] ]

ik rhemont - —

'
By
4

. - T Anrréct | in ! S X - :
- Tt - - s qlr" — F— NACA, 4
° ° P SN D - T L 3 H i

Lo - Co (&) Center of gravity at 19.8 percent M.A.C.

Figure 27.~ Static longitudinal stabllity characteristics in the landing

= condition; flaps full down; gesT dcwn; engines idling. O-54D airplane,

P P T TP T P T T TR L P T T g v P gt f T




NACA RM No. L7L17a

R L 1 ] : . | )
~r g_ . L% N "y L . e of b i
T.“r.. X IR SN N S o -~ ..Lw [ SRS R S PO FUORS JPY IO .r_..f ] - T (N FEY () S N B P P R N T “Jrlx J
1 H
S i lu. - o [, T N e o =p [ o
| ! ! N i s T
jlmLJ T i Wl e il ot ol ks B ot e R R R R s”@r i < “J..IT.
. ) p .| 1% LR N ;W iﬁ,-.ﬁwn L A~ 98 B I N ]
. l 4m|.r ; Y fnfile m : .
I = .
] NN RRRRRG i RUSER I LREARARZERRERE S
A i . 3
L h - Lfhd.. " AET N & o (O O O i 15 YR
et 1 - : LT y N L] . I ﬁ.M.J v oB
. . _ i .. 2 T . 1
— b i ~lad - . l_[.. 7..1..;@ . S T - W = .WJ 5 _..m i
. i 18 N S R
1 { : | Lo . = 4.3 R T 5. U o m
i e gL AL R b
R i 2 B L - XNl s &
N i i_ Y = 7 u
_ [ S - — e b ] e ... ;...//!L o
il _ 318
o B [ YO S |._.r - ..._.I..E_..lﬁ 1.4 A - [ - . O ! - | (..L —ta ﬂfl .. m W....rl..
R S0 ; hot ot S Rl .:.JF... - I D N - E N a1k
7 TR ; t«m 71 "R 77 _
= P o i -] - \..W&‘ 8 e T UM i (
g T \ﬁ.\ ; [y we [ i 7 .__ﬁv. :
T 22 “Tre - C Rmh oo™ i . y (22
f.l.~.|p ) - . _ ) .-..Jl-ull _ . ._?I.JL B s e
s T, e | T lJlui.r
I - -
_nlL.tl frmind— N " . l..J_ll - T l.LL... ke - ...' ) [ S g . o - - .
»e [ [ X ] ebae
- L [ ] L ] [ } L ]
L ® 2000 ¢ L]
e LY ] e @ L] ®
wels  $ loee e’
a " L3 .




NACA RM No. L7L17a

T : T T i T ” T T T T N IR A TT T
3as ] 1 - . i 1 _ T T A AN
e fom o . ool gﬂ‘
¢ 1 .Iﬁlfhr.-. s - i w u”.l. o.. H " : ".. ._. 1. _ 1
il T . . L ﬂ - ﬁ iR . | 1
5 3 e T ' .
NENEENEE Y 9 TR SHENY 4
.J vl . ) .. 4 ] )
1T } TNEH IR : %[ " f
P I - i - R “ i ..v....ﬂr . e
- @ N . - . i . Fmr . m ) 3 T R I |
C RN e 1 AN IR R T IMAE o
) =1 _ _ S I L T R B
. 1 S i e _ 44 ;. - .4Fﬂ_. Mo .” }
v . \ “ = + R T - RN
- i . - ] % N A .._r N DN O N L i) —] 4]
y AR NN TN
- _ - _ oLt 4 - _. L - ]
L IAI , - 1 u“.‘ :. Ll .I“I.. - L . . i N
L .”._If , : % -l AL X 1% w..nl §-
7 . ; _. .. T A
L L e J g . - . I oy I
. b I _ RN i
) 1
! ~, wl. - <h. ’ ' - —.r g
T e s e
£ o T ! v/ T 1T
2 TSepTL oy, o ] ! o T T
¥ T 3 T fovaiy ed o -1 m_.\u. Y
[ : L - el
. . .. " ' 1
” _l e e __ = lJﬁl - B - ‘.m AL .,Illl.._”
LT ] NN 0 e I : _ - R T
. 15 \ T 10
" .... (1 X 1)
unu - .o
“ “... ....
: t ]

{c)

Center of gravity at 31.9 percent ¥.i.0.

Figure 27.- Goncluded.



NACA RM No. L7L17a

o E T30 - 3
- —! 3
L ¥ - - - ‘?
. = 3 E - - s
T 3 F 5 IR - 7 : Z
HEES - 11 4 14 : 4 t- 4 b4 §
- s - |- =
A . BN B - E - B H ] . -
- q . n.- A > .- - -_ z K 4 - i
& x = =3 E- -~ =
A G % ok q 1 [ ]
- _s.g ~ N RE R i E 7 4
N N ~ e - E I Ty E
-'l i '.J - S i 3 ‘ ‘-.- i = ’F -
R =+ - E F 3
] : i - i | 8
| A1 i S
1] H i i
\
&l 3 1
S EREE 000 0 Y TS AR _
K b :
.. %
E

g

L s ol ot ol B
]
i

.
.
T
:
|
98 O NS W O 8 .
,

Y e s o

]
- jAL:;‘-fJ

/]
714
oy

I»J"
ﬁ}*’_

ol

b

A

S

I
: r/- -
- y -t
T

Qopf]
V.71 T¢ NR O

etk
H-
/
T

e eSS :ST:. —

N - ) = : B R EES

PO R 0

il

{a} Center of gravity at 19.5 percent M.A.C.

Figure 28,- Static iongatud:nn atability characteristios in the approach

condition. Flaps 20°; gear down; power 20 in. Agy 2550 rpa. O-5iD sirplane.

. . I i F . . - : : -f. -3




NACA RM No. L7L17a

T,

HT

! . WTI - - Lt. . . i._.. da o R IR I -
M T 3 __ ” . m i [
! e L s IR OO, % SO, B Y . [ . JEVY (RN DO BN .rL.llJ!.
__ I i . . ﬁ i : . __ o _ “ N . .
E ’ R . - v o 3 ! H o
- - 5 - nl.l.%fr. J . N R - R I I TS AN G P U SR S ..._ L! | .% — flm.|t.. L” N S
. . L 4 . ™ B A
e S R
w T ! S ( g
| i T g ) . o
T St . k " . d. Y B | i e g m“f.ru.....
x St w1 Al M © 7°
| — Wi NN b Jwn o .
jEER/EE SEREIARSPANAR oY
% O - 5 - [, [y O [ i1 I "W . en ) ° !
+ g 141 " A i NS S
RN | L ] - b M- ] - AR NN 5 e [ |
T N N bl T .TJ [ ! ﬁ l...A n.r. lm;v M ..y m‘ [
" - ) M : : ! W b X A - umT.... %
s, . d . w tt @ N ﬁ "
. : 4 - . N o !
- _ T U - o & i
_ A _ IR RNERNE -~ .
Y /[ |- = . .7 1 £ _ﬁ
.ﬂ.w PR . .. h o R O LS L w..ilmW - " . AM I.
._EMA_M nw 71 : _j . * p e F70% 177 J *
T T T REBRG N et -1 mﬁ.e -
T Ay N T worrpdsiey /4 ;
yrg/Lre S gL " P [ 7T va\k 7 \uﬁ.;\.
= _ + o ~ P - A - 4 11..A....A i - .. -
il .
w e e SN SR R R, Y Y SV Y w - R TN SO "
- . VN .L... - T:! U o P Y R A .i..iTlﬁ -
i, N 4_. N BN | N l.. N 1 _
e ) ' e Az .
A ) : _ o O I A
.q”..A"”_\ sl .—. I .m_ L : i . %. _ 7 — .A el i .._ ]
" .... ..".
ses o ™
.9 L] [ ]
“ “... ....
" * ¢ b



NACA RM No. L7L17a

S O A o e O M T il ! il R T T N
T T T T T
.w. . . —.. Y L bl . ] __ .:l.m __ b . . .._. |.~ m.lTrm ..... —
ME : ANEny S A T R ;
- 5 . 1 _ : 4_1 : |l of B =
: NN LR LT o *wm | ]
T O S T .
. R mmmnE RRRRRRSRRRRERRRD JER: RannndE R
.“. - X T I S !. 4 !l.__.l . M _....l.IA A I A i.mr.. ._..i . nm A -m . - MIqln_.}t “— -
R . i NEERANN AN RN JNTTI_E T s ]
_ w _ﬂ\;ﬁzm. o Ffrﬂ /T g g |
ﬁ ¥l T i ! ! ! 4_.\. 3 a [ N _m -1
L | 1. o N A - ~lad -.-..I.ﬁ.._..“.lr. _ L L N 1 1. w, .m "
_ T _ , AN ] S
.nr 13 Guv.i e N - Vﬂu\ﬂln.. A - wu .l._...w.w..~|\_hl rm.l|_| -l - - ._ Jy P vJ_lrMM“ “ ﬂ-”lg
& SRESESRRMPARERE: kpnmennungrannarane o by
A . e e e T8
A . _ Hl L ® VIO R/ O O A e P o
; i N p_ld e i . i . ! e '
- W .- b " r _A ] . " el
e . ~98 4 = !_.. - .%- fere | At o = -. SR T 0. . _. m U
_ | SO T T
‘ A e S
e e
_. & sh HENEN T I = T L S _1.4_} D.._. il _%ﬁf; -
: | : o . ol H ]
il VIO _\i.\ﬂ . _R\\Lh\w el EM&‘ _.. + .%M\Qn“ m. .—:..T._.. ___.r J
- % g 45 N N ARK G NN
~— "4 L.M?\ T T 7T ~+ ) ; f Fﬂwwu Tt -
I i m A O O W e .
' - ] T X ; ] t . !
.|_ __ .....Ilm.l |...l|m..l1i. ) b e i .—."...*Ht..—_.‘l' — .. l.m-
1 - B - N | !
T w 1 _.ll - . -.mul “ J.. ~— I.ﬁll b ) l.ﬂ.l_l.:lcT.u‘rl.. R |T.-v.....
- t ]
I PP JENY I g o |.;; U A J R PN o
[ {3 1 L
A ad L] e [ 11 1Y
s sese s ',
*%s o 9o [ ]
loo u "-.o 0.00
Y a2



NACA RM No. L7L17a

—_—

=

F ot toe

S

- o 7]

(AT s AR 2T

L e e ]

-

g

LF:‘

—— =]
—— -

s g Ora)

jovioon Sppea Sjse R

bns ey

e

e} et

QPYS owrp SirE Sl-dagn o

Rt

wdalo

(a} Center of gravity at 16.8 percent ¥,A.C.

C-S4D airplarne,

clean condition§ norral rated power.

Figure 29.- Kaneuvering longitudinal stabllity characteristics in the
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Figure 29.- Continued,
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Figure 29.- Concluded.
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Figure 30.- Continusd.
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(b} Center of gravity at 25.7 percent M.A,C.

Figure 31l.~ Continued,
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(¢) Center of gravity at 31.9 percent M.A.C.

Pigure 81.- Concluded.
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Figure 32,- Maneuvering longitudinal stabllity characteristios in the approach
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Figure 34,~ Variation of olevator trim tad angle for zero stick force in
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Figure 34.- Concluded,
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Figure 35.- Time hlstoxry of s poxer-off landing. g~
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Tenter of gravity £t 19.8 percent M.i.Q.

Tigure 3.- Time history of a partisl power approach and lsnding C-5LD alrplere.
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Figure 37.- Time history of tdke-off run. 3-52D airgplane; center of gravity
=<t 30,95 percent K.A.D.
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This paper contalns a summary of the results of the C-54D program
%o determine the necesslty of new or revised handliug—guaslities require—
ments for large aircraft in preclsion flying and presenta the measured
data for the handling quaiiltles with a discussion limited to pointing

out the alrplane’s deficlenciles.
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