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RESEARCH MEMORAKDUM 

THE STABILITY m CONTROL CFIARACTERISTICS OF 

By Donald E. Tahmge and John P. Reeder 

The flight  investigation of the C+kD airplane was initiated  to 
cletemirie the  necessity of changes  or  additioas t.0 existing  handling- 
quslitiee  requirements to cover-the case of in6t-t apgroashee  with 
large airprplanee.. This paper gives a brief sgnopeis of the reeulte and 
preaellts  the measured data of testa  to  deternice  the  stability and con- 
trol  charactertatice. It was found that no new  require~ente were 
necessary to cover the problam of instrment approaches. The C-54D air- 
plane t e a t e d  met the A m y  and Na-ry stability and control raquiremnte 
except for the fallowing Itens. The  cmtrol-syetem f’riction with aut- . 
pilot  installed vas dauble that allowed by the  requiremnt.e. The amount 
of friction wae found  to  -air  the  controllability of the airplane In 
precision  flying. The lateral and directional  characteristics were 
g o d  except  that  the maximum pb/m waa slightly below the minimum 
required, and the eileron-control  forcee to obtain the maxFnum pb/ZV 
at low speeds  were above the an& Ha-q requirements. The longit.u&inal 
&ability and control characteristics were good except that the e1evEtor- 
contrbl forces exceedect Athe ltznlte of the Arng and Na-Jy requirements in 
turns and in landings. The etaling characteristics were canaidered good 
in all  conditions w f t h  t he  stall warnlng_.ln the form of tail buffetfr-g 
occurring  at speeds approximately 5 miles per how above the a t a l l .  

Because of the  reauceh ~ w e r a b i l i t y  of large airplm-ea, the 
problem of landing :he airp1m-e and of n;aking.blind  approaches  beccaes 
more  difficult with increasing airplm s i z s .  A t e s t  progrm was 
inlciated uacng a C34D airplane (AN? No. 42-7271.3) to deternine the 
problems involvsd  with  this  typical large airplane and to determine 
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" whether or not additional  hmdling-qualitiee requiremnta would be 

. necess--to  provide  for  the  condit.ione of precision flying such as 
necessary in landings, blind ap-proachee, and general-insrrumsnt flying. 

As a preliminary step in th ie  test p r o g r a  the flying qdities of 
the rest alrplane were recorded under nomud. f l i g h r  conditions. These 
recorded  data are  presented herein. Carparable jsts OR the normal flight 
conditiora  o'btained by the A r q  for a C 3 4 G  afrplaae,  which b e c m  
available shortLT after the NACA mas-mmnts were made, are contained 
in reference .1. 

T i n e  histories of control operation  recorded  during  blind  approaches 
have been  reported in reference 2. Papers are being prepared covering 
t h e  lateral and directional  stability and control  characteristics,  the 
longitudinal stability and control characteriszfcs, the 8talling charac- 
teristics, and the  effect of friction in the control eyetern on  the  control 
characteristics in precision flying. The purpose of the  present paper 
is to d e  the  recorded data describing the +dling qualities of the 
t e s t  airplane mailable while flwther  analysis of these data is in 
progress. . .  

." - . . . " . ". 

All quantities %-era measured  by NACA photorecording irmtrwnte. 
The airspeed WES measured on an NACA free"sKive1ing static h e d  and 
shieldeA total head mounted on a boom l-chord length ahead of the left 
wing tip. The airspeed system w a s  calibrated  by a trailing  airipeed 
head. The acceleratlom  were  measured by a sensitive normal accelerameter 
and by a three-component  acce1eran;eter. The control  surfacs,  tab, an& 
pilot  bontrol-poaition  recordere and the control forcea k-are maeur6j. by 
electrical strain"gage-typs control-force  recorders. The angular veloc- 
;ties were heaSWeid by tjurnmaters, and the s i d e s l i p  angle, by a van9 
mounted on a boom I-chord length ahead of the right wing tip. The angle 
of bank w a s  neasured by 811 airdamped inclinometer or k.y a c a e r a  
wuntad rigidly in the no8e. Figuree 1 through 3 show a photograph af 

characteristics. 
the  airplane,  the c a t  and the  rudaer-spring-tab 

The tests to deterxlne the  characteristics in blind landings m e  
reported  in  reference 2. The t e a t s  to deternine t h B  effects of friction 
consisted of measurements of control  applicat,ioq and airplane  response 
vhile bracketing & %ei~-d ding landings. Theae teetB were made with 
TWO amounts of f r i c t i o n  in the control system; one double that specifieif 
by the A r q y  and the Navy in  rsferencea 3 and L, reBpec::ively, and one 
about one-half the amount specified. 

.. -_ 
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.r‘ The  tests to determine the lateral and - directional  stabflity 

and control  Characteristics  followed the requirAmnts as put forth  in 
references 3 and 4 except that several  canditians  were  covered more fully. The approach condition was changed to coincide  with  The  condi- 
tion used by  most  conmErci8.l airplanes, and the  wave-ff  condition, 
nornal.rated  parer  with flaps and gear full down, was included.  Special 
t e s t s  were  conductmi to evaluate the  pitch due to yawing velocity and 
sideslip since it was thought that during TnstFment approaches,  partic- 
u l a r l y  at lots altitude  where the greatest  presleion  is necessary in 
flying the radio  signals,  the  pilot- might turn the  airplane by making 
skid  turner  rather thari by normal banked turns. Other  special tests 
included a mor0  extensive investigation af the asymmetric  power  condi- 
tion and an inveetigation of the akymmtric load condition. 

The tests to determine the longitudinal  stability and control 
characteristic8 also followed the rBquirements of references 3 and 4 
except  for the approach  condition  which  was  modified 88 previously  noted 
and except that  a wave-ff  condition w a s  included. 

. .” . 

The stalling  characteristics  were studied by  miking stall approaches 
and st& from straight and level.flight in different  conditions. . 

The maaurenente of friction  showed  t.hat t h e  contro1”system  friction 
with mtopilot servos installed was about  double the maximum allowed by 
the A r q  and N a v y  handling-Qualitiea  requirements.  This amount of fric- 
tion  inpaired the controllability of the airplane in  precieion  flying. 

The  lateral and directional dynamic characteristics are shown in 
figures 4 and 5.  The  directional and aideslip  characteristics a r e  sham 
in figures 6 to 13. 

The carrditions of asymrr?et.rlc  power were invsa~igateJ- more fully 
than the regular handling-gualitiee requira~ents specify. Dynamic: t e s t s  
were conducted in +,he take-off and approach  conditlons TO determine the 
tlm interval  for the airplane to reach a .-eraus at%it,uae  when no 
corrective  control wae..Bpplied after a n  engi-re  failure. It was  found - 
rhat the  rate of bevia’iion from level flight w a s  low enough to a l l o w  the 
p i l o t  to analgze the. eituation and apply the proper corrective control. 
The data for the aepmetric parer  conditfons  are  preseDteL in figures 14 
t-0 18. 

The rolling  effectivenees data are presented in figures 13 and 20 
and show that  the mximum pb/W 8ttainabh is less than the required 
amount and that the aileron  control  forces  for maxinum pb/2V  exceeded 
the 80-pound limit even at low epeeds. 
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Testa were mde  with asymrcgtric load t o  determine the feas ib i l i t y  
of taking off with one outboard  tank empty. The only disadvanta@ found 
was the   res t r ic ted   a i le ron   t rave l   in  one direct ion due t o  the amount of 
aileron  necessary t o  balance  the esgmmetric load. It was thought that  
the  a i leron  t ravel  m i g h t  be  lim-lted t o  such an extent a8 t o  lEake balancing 
at large angles of eideslip  impossible. "hie w a s  not  the  case at speeds 
above 120 miles  per hour as sham by the  sideelip  characterist ics  with 
asymmetric load preerented in   f igure  21. 

Concern waa expressed by the A i r  Transport  Association Subconrmlttee 
on Handling Qualities  about  the tendency t o  pi tch down i n  f lat  skid 
turns. The s ides l ip   charac te r la t ics   t ea t s  (figs. 9 t o  13) showed that  . 

the  pitch due to   s ldes l ip  was small compared t o  other airplanes for which 
the  character is t ics  have been masured and was easily controllatile. A 
special   ser iee  of tests, however, w a s  ins t igated  to  measure the pi tch  due 
t o  yawing. The data  from these  tests  are  pregented  in  figure 22 and 
indicate  that  any pitch due t o  yawing was not  noticeable  unti l  fairly high 
r a t e s  of yawing (corresponding t o  an abrupt loo heading change) were used, 
.and then  noee-dam  pftch was encountered only i n  right turns. This would 
indicate that this pltch due t o  yawing was due t o  the ggroacopic  action 
of the  propellers. 

The dynamic longitudinal  characterfatics are shown in figure 23. 
??;e s ta t io   longi tudina l   s tab i l i ty   charac te r i s t ics   in   f ive   d i f fe ren t  condi- 
tlons of f l igh5 and a t  three  different   centemf-gravi ty   posi t ions  for  
each  condition are  shom in f igures  24 to 28. The maneuvering longitudinal 
characteristics  are  preeented in f igures  29 t o  32 and show that ths 
force g greatly exceeded the  l imits  of the hanclling-qualitiss r e q u i r e  
nents. The character is t ics  of the  elevator tab are shown i n  figurea 33 
and 34. Tima h i s to r i e s  of two landings and a take-off a r e  presented  in 
figures 35 t o  37 and show tha t  the elevator  forces on landfng exceed the 
limit 8. 

The s t a l l i n g   ~ E a r a c t e r i s t i c s  were coneidered good in all conditions. 
Buffet warning generally  preceded the stall by about 5 miles  per  hour 
with heavy buffeting a t  the eta11 and lpild nose-down pitching. The stell 
in  the  clean,  power-off  condition was accompanied by rapid  set t l ing,  and 
only in  the  landing  condition was there a very  mild roll following the 
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a:&. Heavy buffetir-g  in all case8 continued W i n g  reco-rary u n t i l  
a ?to 1Cbrnile;per-hour increase over i n i t i a l   s t a l l i n g  sped.  

-Langley Memorial Aeronautical Laboratory 
Natiod-Ad-Tisory Canmittee for Aeronautics 

Langley Field, V a .  

ohn P. I t e e b r  
Engineer - Test Pilot 

Approved: 
Melvin N. cough 

Chief of Fl ight  Research Division 

1. Edhoh ,  Rober+, hi. Cakeley, Edmnd R., Hall, Clarence, Jr. and 
Payne, Louis A.: S t ab i l i t y  an1 Control Flight  Tests on rlie 
C - 5 u  Ai", ABF No. 45477 .  ME3 No. EFTE-2025, A i r  Maceriel 
Command, A r q  A i r  Forces, Hov . 1, lgh.6. 

J2'. Talmsge, D o r m X  B.: A T b e  Histo- of Control Operatior, of a 
C-gh Airplane  in B l i n d  Land%= Approaches. NACA Bi No. LTX),  

4. Anon: Specification for Stab i l i t y  and Control Chwacter is t ics  of 
ALqlanea. SR-llgA, Bur .  Ahro., April  7, 1945. 
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?igure 3.-  Cheacteristica of the rudder spring tab with no lo& on the tab. 
~5-540 sirplane. Rulder f ixed a t  neutral. 
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Figure 6.- Variation of the nmdmum change in sideslip angle rrith elmngs 
in  aileron angle in rudder locked rolls out of 450 banked turns. 
C - S U  airplane. 
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(L) 120 Pilea per hour. 

Figure 9.- Sldealip cbvacterfatlor.  C-5LD airplane; olean 
condition; normal rated power. 
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( 0 )  200 miles psr hour. 

Figure 9.- Uc&€nusd. 
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( d l  225 =ilea per hour. 

P i p e  9.- Ccacludcd. 
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(d) 225 milem per hour. 

Figure 10.- Ooncluied. 
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Figure 12.- S i d e s l i p  charaafcrlstlcs. C-5kD airplane; flap. and 
gear d m ;  nard rated power. 
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(a) Wave-off from final approach condition; flaps f u l l  d m ;  gear d m ;  
Bo. 1 engine idling; No. 2, 3, and 4 engines 45 in. Hg;2550 rpm. T r i M  for 
symmetrical power i n  approach condition. 

Figure J.4.- Lateral and longitudinal trim.charactsrirtia8 mith assymetric 
power. ~ - 5 b  airplane. 
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(b) Take-off condition; flaps 20°; gear d m ;  Fo. I engine idling; No. 2, 3, and 4 
enginer 45 in. Hg; 2550 rpn. Trimmed for  symmetrical pouer in -off condition. 

Figure U.- Concluded. 
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(b) Oorractfre control applfed. 

F-c 16.- Conoludd. 
- ----".. 
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Figure 19.- Variation of aileron =heel forae and aileron effactlreneam 
paruetcr rith change in t o t a l  aileron angle at various apeedu. 
0-5AD s i  rphne. 
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(e)  nap. up; gear d c m t  power for level nlgght; no atteept to  coatrol d t i t d c ;  
right turn; l&O milt8 par Loro. 

rigurc 22.- Contfnusd. 
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(h)  Approaoh condition: n a p s  20'; g p s r  d m ;  power for level flight; 
altitude controlled; left ttlm; L k I  milea par hour. 

Figure 22.- CmtinuFd. 
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(1) Final approach condition; flaps full d m 1  gear down; pmer for Itrcl 
f l i g h t ;  no stteagt to  ccatrol At i tudt;  right turn; 120 miles par hour. 

Figure 22.- Coatinued: 
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( j )  rind approaob cordition; flsps full down; gear d m ;  power for level 
flight; altitude aoatrolled; right turn; 120 silts Fer hour. - 

Figure 22.- Conclded. 
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(I) canter of gravity at 19.9 percent Y.A.0. 

Figure  2b.- Statio long€tulinal atabil i ty  CbuaCtrriEtiCa i n  the wars-off 
coxlition; f laps  fu l l  d m ;  gear d m ;  noraal rated power. +5&D rirplene. 
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t- - ( e )  Ocntcr o f  gravity at  19.6 percent Y.A.C. 
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(c) Center of gravity a t  27.8 percent 1I.h.C. 

F i v  29.- C w ~ l u d e d .  
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(a) Center of  gravtty at 16.7 percent 1C.A.C. 

Figure 30.- betmering longitudinal stability characteristias in the 
clean conditfon with engines idling. c-5~9 airplane. 
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Figure 30.- Conaluded. 
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(b) Center oP gravity at 26.7 peroent Y.A.C. 

Mgure 31. - Continued. 
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(a) Canter of gravity a t  S1.9 percent Y.A.C. 

Figure 31.- Conaluded. 
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(a] Center of gravity at 19.8 p8ru-t M.A.C. 

Figure 32.- Wemering longitudinal stability characteristius in the approrah 
oondition. Flaps 20'; gear d m ;  pmer 20 in. Hg; 2560 rpm. C - W  -lam. 
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(b) Canter of gravity at 25.7 peroent M.A.C. 

Figure 32.d Continued. 
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Figure 35.- T i l i e  hletoIp. of a poucr-off landlng.Q-L4D afrplsne;Cratcr of grerity 
at 20.0 percent 1I.A.C. 
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Sub.lect 

Airplanes - Specific T y p e  
Stability, Longitudinal .--Static 
Stability, Lateral  - S t a t i c  
Stebilitg, Directional - Static 
Stability, Longitudinal - Dynamic 
.Stability - Lateral and Directional - Qynamic 
Controls, Longitudinal 
Controls, Lateral 
Controls, Directional I- 
Flying Qualities. 

1.7.1.2 
1.8.1.1.1 
1.8.1.1.2 
1.8.1.1.3 
1.8.1.2.1 
1.9.1.2.2 
1.8.2.1 
1.8.2.2 
1.8.2.3 
1.8.5 

This paper contains a 8uumar.y of the resulfa of the C34D program 
fo deternine rhe mcessity of new or revised h a n d l h ~ u a l i t i e s  requlre- 
zents f o r  larga aircraft in precision flying and presente the maswed 
data f o r  the handling qualities with a discuesion limited to pointing 
out the airplwe’s deficienciea. 
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