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This  report conkins the flighb-teet results  of the hbr&- 
and  directional-8tabilitg and control phase (including tests Kith 
wing-tip tanks) of a general flyiwualities investigation  of  the 
LmUeed P-80.A airplane (Army No. 44-85099). Theee  teste  were 
conducted  at  indicated  airspeeds up to 494 miles per hour (0.691 Mach 
number) at low altitude  and up to 378 miles per hour (0.816 M%ch 
number) at high altitude. 

These t e s t s  showed  that  the  flying qualities of the airplane 
were for the most part in accordance  with  the requirements of the 
Army Air Force6  Stability  and  Control  Specifications., The only 
major deficiency noted was the negative  lateral stability wfth  the 
wiIlg?tip tanks installed. 

Flight tests on a Lockheed P-8M airplane (&my No. 44-85099) 
were  conducted at the request of the Air Materiel Command, Army Air 
Forces, to obtain  qmntitatfve  measuremsnts of the flying qualities. 
This  report  presents  the data obtained  during  the lateral- and 
directianal-stability and control tests. The long,itudinal-stability 
and control characteristics have been reported in reference 1. 

A three-view drawtng 09 the air@ane is  presented in figure 1 
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The ailsrons are piano h2ngcd on the u p ; . ~  wing surfaco and 
have no aorodymxuic bGazlce, Tho aileron col;trol forces a m  lessened 
by the use of a h@ra-dic boost syaten SEi@Oj- jw a boost raio of 
15 to 1. The frlcticn of the ail82m1 c o n t r o l  9s maswed on the 
ground duriw 8 alow latei-al movement of t h e  s t i c k  (no load on the 
surfaces, &tJ.leron boost operating) m s  4.5 pounds through the ne ut& 
position. This d u e  ie greater than the 2-p0w-d allowable fricticm 
value specified in reference 2. Figure 4 pre6sr . t~  the variction of 
tot& a?'.leron angle with atick p s j  tion s s  measured OR the grotusd 
wlth no load applied to the ai loron surfaoes. 1x3 rudder+ontrol 
friction was t8 pounds when measauwd at the point where tha pllot 
nomnally apFlies pressure. The winnun allowable friction force 
gpecifled in refemncs 2 is pomde. The rudder is oquipged with 
a centwing spring to aid in  returning  the  control to the neutral 
posit;ion. 

The fligkt-teat &ta were obtained by the  w e  of standard NACA 
photographlcally rocofiiq instwnts synchronized by a n  N l C A  timr. 

Tndicated airsped Vt was m m % u r e C  by m8na af & standard 
NACA f'ree-swivellrig ecirsped head mountad approximately two chord 
lengths ahead of the wing leading edge  on the rIgh+u w i n g  t i p  {fig. 2) 
Tho airspeed values wem corrected fo r  position error due  to  the 
presence of the wing and a h a  for the  inherent  static-pressure 6r ro r  
of the airspeed head itself aa determined from wind-tunnel tea to .  
Values of indicated airspeed we= computed from the air;pe"-td formula 
(corrected for compressibility) oomonly used in the  cdibratlor, of 
standard airspeed indicators. 

The t e s t s  were conducted at an average c e n t e w f w a v i t y  
position of 0.240 r4.n.c. at R gross weight of 11,400 p m d s .  The 
w!.ryg-ti!, tanks (155 gallons each) were empty except for various teats 
of the dynamic d i r e c t i d  characterist ics.)  Records were talcen i n  a 
low-altitude ranga of 3,300 to 8,800 feet and a higPhs3titude range 
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of 23,800 t o  33,900 fee t .  
a t  lndicated  airspeeds uy 
at  low a l t i tude  and up t o  

SECURITY  INFORMATION 
3 

Tests with  the  wlng-tip tanka were made 
t o  420 miles per hour (0.589 k c h  number) 
358 miles per hour (0.767 Mwh nmiber) at 

high altitude.  Teats  with  the wing-tip tanks  off  extended ~p t o  
indicated  airspeeds of 494 miles per hour (0.691 h c h  number) at low 
a l t i t ude  and t o  378 miles per hour (0.316 Mach number) at high 
a l t i tude .  

Direct ional   Stabi l i ty  and Control 

Dynamic direct ional  stabi1:ty.- It w a s  found  from flight 
recorda that the airplane possessed both rudder-fixed and rudde-free 
posit ive a;rlzamic d i r e c t i o n a l   s t a b i l i t y   i n  all configuratrons arld f o r  
all airspeeds  tested. When the rudder was deflected and released 
quickly, it returned to its t r i m  position; however, there was an 
osc i l la t ion  of less than lo which required two cycles  to  dfsappear. 

Directional  oscil latory  characterist ics of the airplane were 
lneasured at two a l t i t udes  i n  the powe_r--on, clean  condition  (flap and 
gear up) by placing  the a i rplsm in “ a m p l i t u d e   s i d e s l i p s  and 
then  abruptly  releasing all controls. The data are  presented :‘n 
figures 5 and 6 for wine t ip   t anks   f i l l ed ,  empty, and tanks off. 
As would be expected due to the increased namsnt of inertia, the 
major e f fec t  on the period  occurred in going from the wing- t i+ tanks -  
empty condition t o   t h e  fu l l  condition; where, fo r  example, the period 
of the  oscil lations  increased from 2.6 seconds t o  3.7 seconds a t  
250 miles p r  hour. No appreciable  effect  on the  period was noted 
i n  changing a l t i t ude  or sddiw the empty wing-tip tanks. It can be 
seen from figure 6 that the control--free osci l la t ions of the  airplane 
damped t o  one-half amplitude in l e s s  than two cycles for all condi- 
t ions and speeds tested.  The most outstanding  effect on the -ping 
occurrod in   increesing  a l t i tude which increased the number of cycles 
t o  &unp t o  one-half amplitude. Removing the  centering  spring from 
the rudder  control system h&d no appreciable  effect on the  oscil latory 
character is t ics  of the airplane. 

Stat ic   direct ional   s tabi l i ty . -  Directional character is t ics  w e r e  

For a l l  cases  tested  the rudde-fixad s t a t i c   s t a b i l i t y  was satie- 
factory i n  that rudder  deflection from trFm produced s ides l ip  in  the 
correct   d i rect ion and the angle of s ides l ip  wa.8 substant ia l ly  
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proportional t o  rudder deflect!,on over the range teated. 

For t e a t s  both with m d  without t i p  tanks the ruddw-free s t a t i c  
direct5onal   s tabl l i ty  was such tha t  w!th the rudder fr'eo, the airplane 
tended to return to the t r ? m  szdeslip @e an& for angles of s ides l ip  
between U 5 '  the angle of s ides l ip  was s u b a t a n t i s l l y  proyortdorial t o  
the rudder force. No ovorbahncing tendency of the mddor force was 
observed. 

The amomt o f  ruddelLfixed s t a t i c   d f r e c t i o m l   s t a b i l i t y  is 
indicated i n  figure 8. These deta were obtained bg i-olllw out of a 
steady 4-5' banked turn  with varioua amounts of ai leron deflection, 
rudder hald  fixed. These data show that the d l rec t ioml   s t ab i l i t y  
was m g i n a l  a t  mall ai le ron   def lec t ions   in   res t r ic t ing  the angle of 
s ides l ip  t o  the required value  (reference 1) of lo per 7 percent of 
fu l l  aileron  deflection. Additional inf'orrmz-tion  on the  rudder-fixed 
s t a t i c   d i r ec t iona l   s t ab i l i t y  ie gfven fn figure 9. These data show 
the maximum s i d e s l i p  mgle obtained i n  rudder-flxed aileron rolls for 
full stick throw over the s p e d  range. 

In  all cases t e s t e d  the  rudder gave suff ic ient  d i rec t foml  
control to maintain straight ground pike during n o d  t ake4f f s  
and landings. 

The rudder was capable of o v e r c a w  the adverse  afleron y a w  
us? ng e.pproximately 1OG (allowable limit of 130 lb) p0Und.s of 
rudder control force. These tests were made by rolling out of a 
45°-banked turn  with f u l l  aileron  deflection  in  the approach cond3.- 
t i o n  E t  140 miles per hour. 

Lateral Stab i l i t y  and Control 

Dynamic lateral 8tabil i tg.-  Although no quantitative data are 
presented herein, it was found from flight recorda that the ailerons 
returned t o  their trim posit ion when deflected and released, and the 
osci l la t ions had disappeared i n  l e s s  than one cycle. The l a t e r a l  
osci l la tory  character is t ics  of the airplane have been discussed 
previously under Qrllamic dfrectionaJ-stability characteristics. 

Sta t i c  lateral stabil i ty.-  The variations of aileron  deflection 
with s ides l ip  angle plot ted  in   f igure 3 show positive  stick-fixed 

. 
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s t a t i c  lateral s t a b i l i t y  for all test conditions  wlthout  the wing-tip 
tanks installed.  For the 88914 test conditions the atfck-free s t a b i l i t y  
was sl ight ly   posi t ive to neutral. The magnitude of the alleron forces 
was within  the  f r ic t ion range. With the w i m t i p  t a n k s  Installed  both 
the stick-fixed and s t ick-free  s tabi l i ty  was neut ra l   to   nega t ive   for  
the v a r i o u  conditione tested. 

It is  d i f f lcu l t   to   main ta in   s teady   f l igh t  laterally, part icular ly  
a t  low: speeds a t  very high  alt i tudes.  The control  dlff-lculty is 
increased  with the addition of the wfng-tip tanks. This  effect is 
par t ia l ly   a t t r ibu ted  t o  the neutral t o  negative dihedral e f f ec t  of the 
airplane an& also t o  the poor centering an& tr'rlmnlng character is t ics  
of the a i le ron  control system. 

Rudder kicks  (ailerons  fixed) were performed i n  the  approach 
and power"0n cleanc+onCitione. These data a r e  presented in  figure lO(a). 
Data from rudd.er' kicks for the wing-tiptanks-on  condition are presented 
i n  figure lO(b).  These data show the=% adding wing-tip k n k 6  results 
i n  an abnormal ro l l ing   bnfhncy  (i.e., right rudder &eflection 
produces left  rolling velocity).  This nes t ive   d ihedra l   e f fec t  was 
not cons?-dered particularly  objectionable  to  the p i l o t  in  n o m 1  
flying of the airplane because large angles of s ides l ip  are not 
obtained  under normal flight conditions and the ailerom are used 
exclusively for raising a wing. 

Aileron  control power.- The aileron control was investigated 
by performing a i le ron  rolls t o  the r igh t  ani: l e f t  with  the  rudder 
held  f ixed in its trim position. A ti= history of 8 typ ica l  
aileron r o l l  is presented in figure 11. m e  variat ion of . g b / 2 ~  
aileron  control  force Kith total a i le ron  angle is presented i n  
figure 12 for the pmer-oq clean  condition  including tests made 
w i t h  the empty wing-tip tanks installed. No pronounced reduction 
in   a i l e ron   con t ro l  pawer Kith increasing Mach number was evident   in  
tests up to 0.816 Mach number. 

The data of figure 12 have been swmarized in  figure 1 3  bg 
p lo t t ing  m x b m m  pb/2V limited by m~tximum stick throv or a 3CLpoUna 
at ick  force as a function of indicated airspeed. These forsgoing 
d u e s  have bean plot ted for average Etltituaes hp of 5,000 and 
35,000 feet .  It can be seen that the values of pb/2V obtained 
are i n  e x c e ~ s  of the  requirement of reference 2 f o r  the low-altitude 
tests, but are  less than the requirement mer most of the test  rmge 
for the high-altitude tests .  Although the data in  figure 13 show the 
pb/W values for the hi&-dtitdde tests are approximately 0.023 t o  
0.030 lower than the l o w  altitude t e s t s ,  it should be noted  that  the 
total aileron  deflection  obtainable was correspondingly lower far the 
h f g h d t i t u d e  tests. Addi i p  tanks produced only a 
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Small docrease in  pb/2V obtainable. 

The variation of rol l ing velocity with indicated airspmd ae 
l l a l t e d  by f u l l  s t i ck  tkraw or a 3G-pound control force is shorn in 
f l w e  14. The maximum rolling velocity obtained In  these t e s t s  
was 165’ Der eecond a t  35,000 f e a t   d t i t u 2 e .  ’&is mimum rol1in.S 
velocity was approximately 30’ per second grae-ttjr t h a n  the 1 - j . m  
low-altitude value where pb$V WRS adequate; 1?owever, the ~ l r p l a m  
did not m e t  the pb/2V mquiromnta  nt   high  alt i tude.  Although 
t h i s  mi&+. indicate that the pb/2V requiremnts should be less 
a t  al t i tude,  it is fslt tfiat,since no upper limit on ro l l ing  veloolt,y 
has bean  obtained i n  the  opinion of the  pi lots ,  the greater ro l l i ng  
velocity a t  a l t i tude  occurr ing fo r  a given  value of pb/2V can be 
used st the discretlon of the p i lo t .  

. 

*om tho r e su l t s  of the flight t e s t s  the followine; r,onclusions 
have been made in regard. t o  the flying qual t t ies  of the Lockheed p-8or, 
airplane. 

1. The dy-c d i r s c t i o n ~ l - - s t ~ b i l i t S   c h a r a c t e r i s t i c s  were sati+ 
fac tory   in  all sonfigurations over the s p e d  range tes ted .  Men the 
fJ.lled wing-tip tanks were added, the period of the oscill=LtlollEl w2s 
increased by approximately 50 p r c s n t  at lov ~irspeeds, 

2. The static directional-stabil i ty  ohzractsrist ics were satit+ 
fac tory   in  sideslips.  The rudder-fixed directional stability was 
marginel at SEU ai lsron  daf loct ions  in   rostr ic t ing the angle of 
s ides l ip   t o  lo pGr 3 percent of f u l l  e i b r o n  deflection. 

3. m e  rudde-ontrol power was sat isfactory in all condftfons 
ts sted. 

4. The dynamic lateral st~bility-charactsristfcs were satis- 
factory for 831 conditions tested. 

5. Tho stick-fixod  static. lateral stAbility was posi t ive  for  
a l l  t e s t  conditions without tho wing-tip .t;snlr~ installed.  For the 
8- conf3.g”ation the stick-f’ree s t a b i l i t y  was s l igh t ly  positive 
to neutral.. With tho wing-tip tanks installed the stick-fixed and 
st ick-free  la teral   s tabi l i ty  WEE n e u t r a l  to   mgat ive   in  s t eady  
s ides l ip  maneuvers. A negative dihedral ef fec t  was also shown i n  
ruddelr-kick maneuvers, These l a t e raLs ta3 i l i t y   cha rac t e r i s t i c s  
conibined with the poor trimin@; ana centering  characterist ics of 

.. 
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tha ai lerons mde f t  d.i?ficdt to maintain steady flight hterallr, 
par t icu lar ly  at low sped8 and high  alt i tudes.  

5. The aileron  control power w a s  satiofactory over the low- 
a l t i t ude  teat range for the t i p  W s  on and off conditfons. A t  high 
a l t i t ude  the values of pb/2V were less than ths reqvAreIlsent mer 
most of the test range; however, the total aileron deflection was 
correspondingly reduced a t  high altitude. m a  m&xilrmn; rolling 
velocity was 16g0 .per second at au altitudo of 35,000 foot, 

h s  Aeronautical  Laboratory, 
National Advisory Conanittee for Aeronautics, 

Moffett Field, Calif, 

1. Amierson, Seth B., Christofferson, f i a n k E . ,  and ClOUsing, 
Lawrence A. : Flight Measuremnts of the Flying  Qualit ies of a 
Lockheed P-8OA Airplane (Army No. kU5099) .- Longitudinel- 
Stabi l i ty  and "control Characteristics. NACA CRM No. ATGQl, 1947. 

2. Anon; Stab i l i t y  and Control Characterist ics of Airphnes ,  
Spec. No. ~-1815-~, Army A i r  Forcc38, April  7, 1945. 
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I t e m  

Area, sq ft 

S F ,  ft 

Aspect ratio 

Taper ratio .364 

kan aerodynamic 
chord, in. 80.6 

D i h e d r a l  of 
trail- edge of 
win& deg 

3 3 3  

Incidence of root  
chord (wlth respect j 1.0 
to thrust line), deg 

Goomtric t w i s t ,  
deg 

I - 5 w z s h o u t  
from root 

t o  t i p  

R o o t  section NACA 5a-213 (ad. 5) 

Tip section NMA 651-213 (a4.5) 

Horizontsl 
tai 1 

- 
34.7 

15.6 

7.01 

0 

1-30 

0 

Vertical 
tail . 

22.4 

6-5 

1.89 

.40 

"- 

"- 

"- 

0 

SACA 63-010 

NACA 6 ~ 1 0  



Hbgelllm location, 
parcont chord of f-d 
S U r f a C e ,  

Tab E 

- 

Elevators 
CI 

8*5 

75 

Boost tab plus 
epring tab; raalua 
nom on elevator. 

WE bdlanae. 
Static md. d y n m i c  

37O UP, 16O a m  

Trim and boost-tab 

(total). Boost- 
tab ratlo, 0.33. 
Spring t ab  (on 
inboard and o f  
elevator) m a ,  0.51 

m a ,  0.55 sq rt 

eq ft (total.). 

.. . 
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Rudder Ailerons Flaps 
I c 

spit, M 
balance 

Nom, piano 
hi- on upper 
wing surface. 
Aileron control 
system has power 
booot. Stat ic  and 
aynmic m a  
lx l lnace . 

Bent tab on 
trailing om 
of ruddor. 

Trlm teb on 
"" left aileron 



NACA RM No. A7J24 

Figure 1.- Three-view drawing of t e s t  alrplttne. 

Figure 2.- Three-quarter front view of the test airplane as 
inst-nted for flight t e s t s .  

Figure 3.- " q u a r t e r  rear view of the test airplane. 

Figcre 4.- Variation of aileron positior;  with lateral stick posit ion 
as measured on the ground. 

Figyme 5.- Variation of period with indicated airspeed for varlous 
test conditions. Power-on, clean. 

Figure 6.- Variation of cycle6 t o  damp to half amplitude with 
indicated airspeed for various test conditions, Power-on, clean. 

Figure 7.- Characterlatics in steady aideslips. (a) Approach c ~ n d l -  
tion, V i ,  139. hp, 8,OOO. Tanks off. 

Figure 7.- Continued. Approach condition Vi, 15& hp, 7',,90. 
tanks on. 

Figure 7. Continued. (c)  Powor-on clean. VI, 154 and 2%. hp, 8,000. 
Tanks off. 

Figure 7. Continued. (d) Power-on clean. Vi, 154. hy,3,800. Tanks on. 

Figure 7.- Continued. (0)  Power-on clean. V i ,  351. hp., 8,ooo. 
TBsks off, 

Figure 7.- Contfnued. (f) Power-on clean. Vi, 343. ktp, 8,500. 
Tanks on. 

Figure 7.- Continued, (g) Powerc-on clean. V;, 436. I+, 5,oOO. 
Tanks off . 

Figure 78- Continued. (J} Powewn clean. Vi, 300. hP, 34,600. 
Tanks off. 



Figure 7.- Continued. (k) 
Tanks cn. 

Figure 7.- Continued. (1) 
Tanks of P. 

Figure 7.- Cont:nued. (-in> 
Tanka OA. 

Figure 7.- Concluded. (n) 
Tanks off. 

Figure 8.- Variation of shleelip  eagle with aileron deflection as 
obfained in rudder-fixed eiloron rolls f>-om 45' bank positlon. 
Power for  l e v e l  flight. hp, 8,300. 

Figure 9.- Vmlation of s i d e s l i p  angle with fndicatsd airepeed as 
obtained in rudder-fixed ai leron rolls. Power-.-on, clean. 

Figura 10.- Rudder contrql charactcr5stics. (a) Pcwer-on clean. 
Vir 146 440. hp, 5,400. Tanks off.  

Figure 10. Continued. (b) Power-on, clean Vi, 420. %, 4,500. 
Tanks on. 

Figure 10. Continued. (c) A2proRch condition. Vi, 150. hP, 7,700. 
Tanks of f ,  

Figure 10. Continued. (d) Power-on clean. 
Tanka o f f .  

Figure 10. Continued. (e) Power-on, clean. 
Tar-ks on, 

Figure 10, Continued. (f) Power-on, clean. 
Tanks off.  

Figure 10. Continued. (g) Powar-on, clean. 
Tanka on. 

Figure 10. Concluded. (h} Power-on, clean. 
T8,nks cff . 

Figure 11.- Time histor:. 
clean, 

of' R rudder-fixed 
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Figure 12.- Afleron control character is t ics .  Power-on, clean. 

(a) Vi ,  153, lfl, 2m. H l g h  a l t i tude .  Tanks off. 

Figure 12 .-Continued. (b) Vf , 290, 286. High a l t i tude .  Tank8 on. 

Figure 12.- Continued. (c )  Vi, 293, 366, 387. Eigh a l t i tude .  Tanka 
off. 

Figure 12.- Continued. (d) Vi, 150, 196, 273. Low al t i tude.  Tanks 
off. 

Flgure 12.- Continued. (e) Vi, 19, 271, 344. Low a l t i tude .  Tsnk8 
on. 

Flgure 12.- Continued. (f) Vi,  348, 392, 441. Low altitude. Tanks 
off. 

Figure X?.- Concluded. (g) V i ,  463, 494. Low altitude, Tsnks off. 

Figure 13.- Variation of pb/2V and a i le ron  angle with ind?.cated 
airspeed as lFmite& by control s t ick   pos i t ion  or 3O-lb cor;trol 
force Power-on, clean. 

Figure 14.- Tariation of mximum ro l l i ng  velocity with airspeed RS 

limited by full s t i c k  throw or 30-lb control force. Clean 
condition. 

I 



. 



. . . . . . . . . . 

. I 

. .  . 

1 1 

I 
1 

' .  , 

. .  



. . . . . . . . .  . .. . .  . 



I I 

. ... . 

1 

: I  : : 
' ' I , !  

I .... 

. .   . .  . . - .  . .. . . .". 



. . .  . .. .. . . 

. . ,  . .  . .. .. 



. 

' .. 

.- . . -  I" 

. f- 

. .  - 



. .  

" .". . 

I .  
t .  f 



c 















\ 

, 









.I 



. 

" 





. 









c 







. 





. 

r 







c 

.. 

c 















. .. . .  . . . . . . . . . . . . . . .  . . . .  . . .. 
' '  I 

T I I I 

.. ... ". . ..  .. . . . . . . . . . . . . . . . -  I 



- I I" , 

. .  

i 


