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A conference on the Martinmodel 202 flying qualities esti- 
mations wa8 held on January 20, 1947 with representatives of the 
G l e n n  L. Martin Company and the Civi l  Aeronautics Administration. 
At this tfme, it was learned that the 'poei t ive range of the 
adjustable   s tabi l izer  on the prototype a'irplane had been changed 
from 4.4O t o  2.5O. III addition, the maximum up and down elevator 
angles Were increased by 5O. These changes should eubstantially 
improve the marginal elevator  control problem in the landtng con- 
dl t ion  et the  foremost center-of-wavity poeition. 

It was also learned that the Martin Company estimated the wing 

4 
dihedral   to  be Fncreaeed by about 71" in level f l i gh t  ea 8 result 
of structural  deformation. Mo account m a  taken of the deformation 
In the  analysis,  therefore, it would be expected t ha t  the adverse 
dihedral effact  cited will be somewhat alleviated.  
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RESEARCH MEMORAWIIUM 

f o r  the 

C i v i l  Aeronautics  Admfnis.tration, Department of Commerce 

By Joseph Weil and Margaret Spear 

SUMMARY , 

The flying qual i t ies  of the Martin model 202 airplane have 
been estimeted  chiefly f'raan t he   r e su l t s  of t e s t s  of an 0.0875-scale 
complete model with power made fn the Wriet Brothers tunnel a t  the 
Massachusetts In s t i t u t e  of Technology an6 from part ia l   span wing 
and isolated  ver t ical  t a t 1  t e s t s  made in the Georgia Tech Nine-Foot 
Tunnel. These estimated handling qua l i t i es  have been compared with 
existing Amq"avy and CAA requirements for s t a b i l i t y  and control. 

The r e su l t s  of the analysis  indicate that the Martin model 202 
airplane will possess  satfsfactorg handling quaUtie8 in a l l  respects 
except possTbly fn the following: 

The amount of elevator control  available f o r  landing o r  maneu- 
vering in the  landing  condition is either  marginal or  insuff ic ient  
when using the adjustable  atabil izer linked t o  the  f laps .  More- 
over, indications are that the longltudiml t r i m  changes will be 
neither l8rgS nor appreciably worse wfth a fixed stabfl5zer than 
with the contemplated  arrangement utilizing the Etdjustable e ta-  
bf l izer  in an  attempt  to reduce the maguttub of the trim changes 
caused by f l a p  deflection. 

The available rudder control will probablr enable landing8 t o  
be made in  ~ ~ 0 8 8  winda at 90' t o  the path of only 11 percent of 
the   s ta l l ing   ve loc i ty  for 803118 conditione.' T h i s  condition could - 

probably be improved coneiderably; chiefly by using somewhat less 
than full f lap  deflectfon. 

Considerable  negative dihedral effect is probeble in  the 
landing and approach  conditions which could make t-be afrp&ane di f -  
f i c u l t  if not dangerous t o  fly. 
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The aileron forces in  abrupt rolle a t  '&uising  epesds  are 
somewhat higher  than  the  desired lfmits. Moreover, at the lower 
speeds the  aileron  force8 ere undesirably low or  overbalanced. No 
change i n   t h e  linkage arrangement of t h e  linked-bslancing tab would 
be likely to improve the  control forces for  one condition  without 
having a detrimental effect  on the other. .However, it is shown 
tha t  a spring-tab arrangement can be devieed t o  provide reasonably 
satisfactory  characterist ics for  all conditions. 

A t  the request of the  Civil Aeronautics Administration, 
Department of Commerce, an estimate was made of the handling 
qual l t ies  of the  Martin mdel  2Ud t rampor t .  ThiB analysis m~ 
desired by the C U  as an advance indication of the flight character- 
i s t i c s  to be anticipated.  for t he  prototype eirpl.ene.  Availability 
of such Imowledge waa believed important from the rstandpoint of 
safety,   faci l i ty   in   planning the f l igh t - tea t  program and  subse- 
quently in expediting the t e s t a  themeelwe. 

It wae o r i g h a l l y  planned to baee the estlmatione on the 
results of complete modal teste to be made in on0 of the 
Langley 7 - by 10 -foot tunnels However, a rather  extensive 
investigation by the Martin Cmgany of a complete model of the 
Martin model 202 had elready been made a t  the Wrist Brothers 
tunnel a t  M.I.T.  (See references 1 t o  4.) In  addition, detailed 
isolated v e r t i c a l   t a i l   t e a t s  and t ee t s  of a pa r t i a l  +pan wing t o  
obtain.ailsron characterist ics had been made a t  the Georgia Tech 
nine-foot tunnel, (See references 5 and 6 . )  Therefore,  although 
the  investi@tions did not cover all of the points desired f o r  a 
complete  estimation of handling qualitfes, the time-saving element 
prompted the c+iaion t o  t a m  these data whfch ware already available. 

coEFF1cms AND m 0 L s  

The following coefficfente and symbols appear in the t e x t  and 
figures : 

'h hinge-mment  coefficient of a control surface (H/qb$) 

% rate of change of hingolnament coefficient with t a i l  angle 
of a t tack 

I 
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r a t e  of change of hinge-moment coafficfent with control- 
aurface deflection 

r a t e  of change of conkrol-surface hingelnament coeffi- 
cient with tab deflection 

control-surface deflection with reepect to chord line, 
degrees 

s t a b i l i z e r  s e t t l n g  wlth respect t o  wiq root chord line, 
degrees; posit ive w h e n  trailing edge fe down 

angle of attack of wing root chord, degrees 

angle of attack of tail surface, degrees 

sideslfp  angle, degrees 

acceleratfon due to gravity (32.2 feet per aecond) , 

indicated  airspeed ; miles per hour 

neutral-point  location, percent mean aerodynamic chord 

s ta l l ing  speed in the landing condition, po-mr off, 
miles per hour 

s ta l l ing  speed in  the glide ccmdition, power off,  miles 
per hour 

s t a l l i n g  speed in the climb condition, 'j'5 percent normal 
ratea power, miles per hour 

s t a l l i ng  speed in t he  approach  condition, 45 percent 
normal ra ted power, miles per hour 

design maneuvering speed (see reference 7) 

true  airspeed, feet  per eeconcl 
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wing-tip helix angle, radians 

rudder pedal force, pounds. 

elevator or  aileron wheel forcs, pound8 

wheel deflection, degrees 

rolling velocity, raaians per second 

hinge moment of a control Burface, pound-feet 

a y n d c  pressme (Y./z>, Po- per square foot 

wing  pan, feet 

(with snbscripfa) @pan of a control ~ U T ~ B C B ,  f e e t  

root-man-equare chord of a control surface behind hinge 
l ine ,  feet 

airplane gross wetght, pounds 

wing area, square fee t  

ma58 density of air, slugs par cubic foot 

mas8 density of a i r  at aea level (0.0~378 slug per cubic 
foot) 

Subecripta: 

0 elevator 

r rudder 

a aileron 

f landing f lap 

8 bt eleva.f;or linked balance tab 

ett elevator t r i m  tab 

I 

I 

=st rudder spring tab 
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%t rudder trim tab . : 

abt  aileron  linked  balance tab 

att a i le ron  trim tab 
I 

- Abbreviations: 

T.O.P. take-off power . 

N.R.P. normalrated power 

c . g *  center of gravitJr. 

M.A*C w wing mean aerodynamic  chord, feet 

CAA C i v i l  Aeronautics  Administration 

M . 1  v?1 m Maasachusett8 Ins t i t u t e  of Technology 

The Martin model 202 afrplane is an  all-metal, loa-wing, twLn- 
e n e e  monoplane with f u l l  cantilever ma; and t a i l  surf8ce.s - A 
three-view drawing of the  airplane is presented i n  figure 1, brig 
the  design  features a r e  a fully re t rac tab le   t r icyc le  tspe a l igh t ing  
gear with steerable  nom wheel, double-slotted  flaps  interconnected 
by mechanical mean.6 t o  an adjustable  stabil izer f o r  the purpose of 
minimizing t r i m  changes' when the f l a p s  are lowered or  raised and 
a vanetype (Van Zelm) afleron  (see  fig. 1) f o r  which a smaller 
aileron  can be wed than is customary t o  obtain  the S a m  maximum 
r.oll1ng eff ec.tivaness, thus permitting  the  flap  span t b  be fncreased. 

The elevator and rudder can be aerodynamically  balanced by an 
unsealed overhang and e i ther  a linked-balance  tab o r  s p r b g  tabr 
The ailerons are aerodynamically  balanced by a 8 m h d  overhang  and 
a  linked-balance tab. 

A summary of the physical  characterist ics of the airplane 
furnished by the manufacturer is presented Fn t sb les  I, 11, a.nd III 

The complete model t e s t e d   a t  M.I.T. Was a O.OQ5-scale model 
with power. Detsils of the model are  given in references 1 to 4. 

I 
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A descrfption 6f the 0.3Q-ecale ver t ica l  tail. model and the 
0.25-scale p a r t i a l  apan wing panel mael t e s t e d  a t  Georgia Tech 
can be found in references 5 an8 6, respectively. 

' .  

Test  conditio=.- Moat of the  tes te  In the Wri@t Brothera 
tunnel a t  M.I.T. were conducted a t  a dymmic presmre of' 16.37 pot~nds 
per square foot which corresponded t o  an Etlrspeed of about 80 miles 
per hour. The t e s t  effective Reynolds number w88 about 666,000 

The t e s t s  in the Georgia Tech wind tunnel of the ver t ica l  tail 
model and of the  partial.  span wing mael were made a t  a dynamic 
pressure of 25 -58 pounds per square f o o t  which corresponded to an 
airspeed of ebout 100 miles per hour. The tes t   e f fec t ive  Reynolds 
nMibere were about 3,pO,OOO and 2,758,000, respectivelr; 

Model configmations ana power conditions.- The various alr- 
plane flight conditions were s h n i k t e d  in tho complete model t e s t s  
by a suitable  pariation of model configuration and power conditlon. 
The conditions  referred  to  repeatedly  .in  this  paper a re  summarized 
in the following table: 

' Amlane 
Model configuration 

flight Landing condition Landing 
f lags  

I 

Power 
f I t '  I t I 

Gliding Propellers o f f  UP Retracted 
Crui's 5ng 

45 -per cent IT .R P . Down 35O Approach 
TT-percent N .R .P UP Retracted Climbing 
75-percent N .R .P - UP R&iraCt8d 

Landing Propellers windmilling Down f i5O ' 
J f I I 

Methods of Analysis 

The Martin model 202 airplane ie a ccrmmercfal transport and 
hence i s  required t o  meet the s t ab i l i t y  and control requirements of 
the CAA (reference 7) However, the flying qualitie8 have  been 
analyzed uelng t he   l a t e s t  Army-Ravy epeclficatlons for &abil i ty  
and control ae a @de (reference 8 or 9) I This w a ~  done primarily 



? because of  the more specffic nature of these requirements for 
class I1 airplanes  (tramport  category) as compared t o  the rather 
general  coverage of the CAA requirements. mere importa,nt. dif - 
ferences  exist between the two seta  of specifications which have a 
Crit ical   bearing on the  estimstions  suitable,reference is made i n  
the t ex t .  It is  to be noted tha t  often the conditions for which 
model data were obtained dfd not  correspond  exactly tcr thoee 
specified i n  r e fe reaea  8 or  9. Inatances where t h e m  differences 
have a .pertfnent  bearing will also be brought  out i n  the d l s c ~ ~ s i o n ~  

The normal operating. wefght of the Martin model 202 transport 
is around 36,000 pounds (W/S = 41.9). However, a majority of the 
powerron  complete model t e e t s  were run p i n g  a thrust coefficient 
variation based on 8 weight of  '29,000 pounds (W/S = 33.7) and 
therefore it wae ciften neceesary t o  base estimates on t h i s   l a t t e r  
weight. All estimates were made for   the  meen. operational o r  des'ign 
center-of-gravity location unless otherwise  qpecified. A weight- 
balance summary is given i n  tablo Tv. 

The f lying  qual i t ies  of t h e  airplane have been estimated from 
the  data  reported in references 1 t o  6 using method8 similar to 
those outlined in references 10 t o  13. It was assumed that the 
control  surfaces  are maas-balanced, t ha t  there is no f r i c t ion  or 
s t r e t c h   i n  the control  8ysten.and th6t there is no fabric  diator- 
t ion.  The power-off stelling velocit ies of the airplane were 
based on values of which were obtaFned by extrapolating I 

the complete model tunnel data. 
%x 

No hinge-moment data were available frm which the  control 
forces of the  elevator  could be astimated directly. Values 
of Chat(0) and C (-O.O037%/q) were therefore estimated 

ut i l iz ing   the  lifting surface  theory of reference 14 and the 
r e su l t s  of hinge-moment correlations summerism3 in  reference 15- 
The hinge moments were then eat lmated using the ~ [ q  calculated 
from complete model pitching-moment &ta.  The tab  effectiveness 
(Chst = -0 * o o ~ ~ ~ / ~ )  which was ueed t o  dotermine the   e f f sc t s  of a 

llnked balance  tab and trim tab was obtained. using t h e  methods 
outlined in  reference 16. The linkage factor  whfch wae used t o  
convert the surface hinge moment to wheel force was supplied by 
the manufacturer  and is presented in figure 2 

h6 \ 

In instances where o n l y  propellers-off  data were available, 
the  effect  of the. windmilling  propellers on stability vas estimated 
using  the methods of reference 17. 

I 
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The rotary  derivatives whfch were used i n  estimating the . 
dynamic s tabi l i ty   cheracter is t ics  of the airplane were.calculated . 
using the methods of references 18 t o  20. . .  

The rudder-control  characteristics were computed using both 
. -  

canplete model data (transferred  to the s t ab i l i t y  axis) and the ' 

resu l t s  of the   i so la ted   ver t ica l   t a i l  t e s t a .  The angles of attack. 
and t a i l  loads required f o r  t r i m  were obtained  frorn+complete model 
t e s t s .  The rudder deflection  required for t r i m  and the rudder . 
hinge moment8 were obtainea from the  i so l a t ed   t a i l . t e s t s .  It was 
possible to estimate  the approxjlhate effective  aspect  ratio of the 
ve r t i ca l   t a i l   u s ing  the limited rudder data 8Vailabl.e from' complete 
model t es te .  The isolgted tail data were then  corrected to t h i s  
aapect ratio. The j-awing'moment due to the a i le ron  deflectiofi . . 
requlred for steady eideslips was accounted far.  Calculations . 
were made f o r  only one of tho'several  possible ruddep-balancing 
arrangements, namely, an upreloaded spring tab with a spring 
constant of 12 pounda per degree tab deflection. This spring ' 

strength was choeen p r l m r i l y  t o  provide acceptable forces i n  the 
critical  asymetric-power  condition. A curve of rudder . lLnkage 
factor  against rudder deflect ion  ie  presented f n  figure 3.  

The aileron-control  estimates were based on the  resul ts  of 
the p a r t i a l  span wing tests made a t  Georgia  Tech. The' tunnel . 
correctiona were computed from reference 21 and it was found that  
the rolling-moment coefficients preeented i n  reference 6 were 
about 8 percent too high. This was taken into consideration in 
the  capputations. Curves showing the nonlinear  linked-balance 
tab  deflection8 and linkage factor  against alleroq,deflec.tion are 
presented i n  . ,  figure 4. 

The -:Navy requirements are divided  into four main sections 
in  references 8 o r  9, namely: 

D - Longitudt.na& Stabi l i ty  and Control 
E - Directional  Stabil i ty and Control 
F - .Lateral   Stabil i ty and Control 
G - Stalling Characteristics 

The items in the present  paper  ere numbered t o  correspond with 
the requirements of reference:@ 8 or 9 Whenever a particular 
reqllireDb3nt was of such nature ' tha t  an analysis wa8 not  deemed 
feasible using the available wind-tunnel data, it has been omitted. 

. *  



c 

. 

NACA RM N& ~7A31 
- " 

9 

Section D .  - Longitudinal .Stabi l i ty  end  Control 

D-2 Sta t i c  longitudinal e tab i l i ty .  - The a i r p w e  W l l  posse8.s 
posi t ive  s ta t ic   loq#tudlnal   s tabi l i ty , 'e levator  fixed, throughout 
the  center-of-gravity  range for a l l  required flight conditions. 
(See f ig .  5.1 It ehoufd be noted  that the neutral   point Curve 
fo r  75 percent  normal-rate.d power .(.w/s. = 33 -7 , p o u n a ~  per square 
foot )   ac tuauy  fs eqaval-ent  to app.roximately norm+-rated power 
for   the much  more frequently  encountered  condition of W/S = 41.9 
pounds per square fooe. Ipaeruuch ea.+& estimated.value of ch =0, 

at 
t h e  elevator-free neutral points should be ident ical  with the 
elevator-fixed  neutral  points. It ahodd  a le0 be  noted, howevsr, 
t h a t  i n  order t o  obtain  satisfactory maneuvering grediente f o r  an 
airplane of t h i s   s i z e  and speed, the elevator m u s t  be fa i r ly   c lose ly  
balanced  (obtained  through  the w e  of a lfnked balancing tab in 
this instance) and small changes i n  t h e   h i n g e . - m n t  parainekere 
( f r o m  e i ther  nonlinearfty, manufacturing  dissimilar€tfee or slight 
errors in the e s t i k t l o n s )  might eaeily cause the  elevator-free 
neutral  point t o  shift by 5 percent mean aerodynamic chord or -reo 
This would most likely cams   d i f f i cu l t i e s  in the  climbing con" 

- t i on   ( f ig .  5 )  for in th18 condition  the  elevator-fixed  static maren 
is a minimum whfle the tail coritr€butiod. i e  con8iderabJe. The we 
of a spring  tab would largaly  reduce  the  effects of a w  emall changea 
i n  the  control  hinge moments on the s t a b i l i t y  because of the  auto-- 
matic  compensation t o  these changes (repestabil i ty).which are an 
Inherent characterist ic of spring-tab system. 

Application t o  CAA requirements.- The CAA requlres elevator- 
free s tab i l i ty   spec i f ica l ly  i n  the cruising, climbing, approach- and 
landing  conditions. However, the  requirements  either  are  the same 
or somewhat less severe than those of D-2 80 t ha t  the preceeding 
discussion is applicable. The CAA a lso  concerna itself with the 
s t a b i l i t y  becoming so great  that  excessive  control  forces will be 
encountered in ' s t ead r  flight.. However, generally i f  the  elevator 
balance is designed t o  give  satisfactory  control-force gradients 
Fn turning flight and control  forces i n  landing,  then  satisfactory 
characterist ics will a180 be  obtained i n  steady flight conditions. 

D-3 Elevator control power .- (1) It will be POBSible t o  obtain 
steady-f l ight  over the entire.6peed  range f o r  most of the required 
conditions. (See f i g .  6 . )  Tha elevator  control for s ta l l ing   the  
airplhee . l i ~  the landing condition ( a t  the foremost center of gravity), 

I 

i 

I 

i 



however, becmee marginal with the contemplatad flap Zull dovn 
stabilizer eetting of If the cruising stebi l icsr  set t ing  
( -1.6O) were wed, ample elsvator would be evalhble .  (See f i g -  6Cc) e) 

( 2 )  f t  should be no problem t o  obtain t h e  poeltive limit load 
factor or maximum lift coefficient in. R t&-n in cruising flight 
conditions with the pPeeen. elevator control (fig. 7) a For turns 
in t h e  landing, condition lit, = 4.4*), however, the elevator 
available would. probablr be Insufficient to perform the required 
maneuver a t  the faremost center of gravitp through most o f  the 
speed range i n  vlew of the aforementioned marginal control for 
s t a l l f n g  in steady flwt, $n #fe itam coqdition. 

(3)  The emunt of. aleugtor e8timated (frpm tests Sn t h e  presence 
of a groundboard) to ge r ufred to hold b e  airplane off the ground 
at a speed of 1.05V (8 nil108 por hour, W/S = 41.9) for varioua 

arrangement8 $8 ehown bn table V. 
Sr, 

It m y  be wen that the elevator control sppeem marginal for 
l a m l i n g a t  the foremost center of gravity fo r  the contemplated 
prototype s tabi l izer  setting of 4 . 4 O .  (Maxfrnum availablo up ele- 
vator l e  3003 With the stabi l izer set a t  -1.6’ thore is unquee- 
tionably euffic~ent elevator far landing throughout the center-of- 
gravity range. 

( 5 )  Ofton a critfcal requirement for the adequacy of elevator 
control i s  t h e  ability of the control surface to raise tho no88 
wheel during 8 %eke off e t  e epee& of 80 percent of V with the 

center of grevfty most forward. Mo deta ware available, however, 
with which to estfmate *e teke-off charactor3atics. 

SL 

,P-4 Elovator control force8.- (1) and (2) Estimated character- 
istics Zn ateady turning flight were computed for the mst forward 
center-of-gravity  locatfon  at 888 level (a mea8uTe of the maximum 
gradient) a d  with the center of gravity a t  ths most rearward 
location for an a l t i t a o  of 10,OOO f e e t  (a maswe of the min imum 
gradient) For oach of these conditloxq computations ware made 
for the balance tab locked and a linked-balencs-tab r a t i o  of 0.4 lag 
(a linkage variation fram 0 . 3  load to 0 -8 lag is provided far on 
the prototype airplane). 

I 
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i n  the crufsing  configuration, are much too high in the tab locked 
condition.  Satisfactorg gradients (between 20 and 55 pounds 

balance  tab ratio of 0.4 lag. Again, it niuat be st reseed  that  minor 
changes i n  4 and chs Could CO-iderably Change t he   06 tWted  

character is t ice .  To i l l u s t r a t e  this pofnt  computations were made 
t o  determine the effect of having slightly di f fe ren t  hLnge-rnoment 
parameters  than were estimated. It was assumed that C 

were changed by 0.0005 an& Cu m e  changed by -0.O005 Then, in 
a turn a t  270 miles per hour a t  sea level a t  the foremost  center of 
gravity. the gradient € 8 ,  l n c r e a s d  by ebout 27 pounds per , &. .. for  
the  linked-balance-tab  ratio of 0.4 lag .  On the other'hand, : i f  8 
spring  tab system were resorted to, an increase of only 4 p o d s  
per g would be a t ta ined  using a spring constant of 8 pounds per, 
degree  tab  deflection. Thug ff 8 linked-balance-tab  arrangarhent ' 

can  not  be founcl which will be sat isfactory for a l l  conditions, a 
su i tab le  spring 'tab o r  geered  spring-tab .system would probqbly ' : 
furnish a sat isfactory solutfon. 

Per 8,. references 8 o r  9) are Indicated, however,. with a linked 

hctt and ch% 

. .  . ,  

( 6 )  The control  forces required t o  hold t h e  airplane off  the 
ground'at l.O!j'VsL for two possible  stabflizer -settinge and balance 
arrangements with . the   a i rplane  ini t ia l ly  trinaaed a t  I - ~ V Q ,  a m y  
from the ground are illustrated i n  tab le  V.' It is men that with 

'a 0 .b"a@; balance f e b  the use of e i ther  the fixed o r  adjustable 
s t ab i l i ze r  WOLIM r e su l t  in a +eel force less than the limiting 
50 Funds 0 

which moves when the f lap is ,changed i n  a manner which wa8 h o p 2  
t o  minimize the t r . i m  changee 'caused by flap deflection. The 
following  table  smmarizes the estimated trim changes with a linked 
adjustable  stabil izer as WBU. as  for a fixed s t ab i l i ze r   ( s e t  for 
. t r i m  in. cruising f l i&t) # .  It should be noted t h a t  a f lap  s e t t i n g  
of 35O (approach) has been used i n  ostimations requiring a landlng 
se t t ing  (55O) becsuse of t h e  insufficiency of the  test data a t   t h e  
l a t t e r   s e t t i ng .  The trim changes on the  airplane caused by full 
f lap  def lect ion will therefore probably be somewhat dffferent  than 
the estimations  indicate. 

I 
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T r i m  condition 

" 

I 

I 

I 

I 
- 

- 
Power . .  

50 ' 
percent 
N.R.P.  

50 
percent 
N.R*P. 

50 
percent 
N . R . P .  

M.R.P. 

Take - 
off 

Take- 
off 

Power - 
off 

Flaps 35O, 
gear down, 
variable 

s tabi l izer  

? b p s  35O, 
gear down, 

fixed 
stabi l izer  

Power o f f  

Power off 

Flaps Oo, 
gear UP, 
var i ab le  

-1.6"; 

Flaps Oo, 
gear UP, 

' f ixed  
Ita 'bil izer 

Take-off 
power 

Change in 
control force 

(lb) 

Tab 
r a t  i o  
zero 

1.4 l a g  
tab 

Inspection of the table 8how that the use of the 0.4 lag 
balance tab gives trim changes well under the specified 5O-pound 
limit regardleee of whether g linked adjustable or f ixed 8 h b i l i 2 0 r  
is incorporated. It 18 apparent that the adjustable stabi l izer doe6 

. 



not always insure less trm change than a fixed s t a b i u z e r  ,(compare 
conditions 1 and 4) . I n   f a c t ,  under certain  conditions the changes 
mag be even greater with the  adjustable  stabil izer.  This con- . - 

sideration, the lack of information aa tO- th8  maatude of , t rW 
changes with the  f l aps  full down and, fn.addition,  the  afore- . , 

mentioned marginal elevator control  assocfated with the  adjustable 
e tab i l izer  probably would make it of prime i n t e r e s t   t o  check the 
re lat ive  meri ts  of a fixed and adjutable  s tabi l izer  on the first 
flying a r t i c l e .  

D-7 Longituainal trimm9ng device .- (2) .The longitudinal trimming 
device l e  powerfuf enough t o  secure zero elevator control  forces 
over the  cent%-of-gravity range for. the specified  condition8 (See 
f i g .  8.) 

Section E - Directions1  Stabil i ty and Control 
, .  

E-l: D p a m i c  stabi1itg.-  The rudder.fixsd dynamic s t a b i l i t y  of 
the  airplane m e  investigated f o r  a cruising a M  .a gl id ing   f l igh t  
condftion. For the cruising  condftion (Vi = 240 miles per hour) 
the  airplane w f l l  be s p i r a l l y  stable.  The osc i l la tory   s tab i l i ty -  
in t h i s  condition is euch tha t  the period of the  osci l la t ion will 
be about 3 .seconds  and wfll d m p  t o  1/2 amplitude i n  somewhat lese  
than 1 cycle. I n  a gliding 'condition (Vi = 141 mlles per hour), 
however, the afrplane will be spirally  unstabls.  But the   sp i ra l  
mode is such  that the divergence will double 3 n  about 45 aecorida 
80 tha t   the   p i lo t  should have no di f f icu l ty   in   cont ro l l ing  i t .  

5 s e c o n b  and i s  also rather heavily drtmpsd, the time t o  darap t o  
half  amplitude again behg appreciably less than 1 cycle. 

The period O f  the OsCillatiOn in  the gliding condition i 8  about 

33-2 Stat ic   direct ional   a tabi1l ty . -  (1) The airplane  exhibits 
rudder f ixed   s ta t fc   d i rec t iona l   s tab i l i ty  fo r  all flight conditions 
investigated. (See fig. 9.) It should be noted tha t   the   s tab i l i ty  
is high i n  the approach condition and particularly  high i n  the 
'Landing condition. The angle of sideslip is roughly proportional 
t o  the rudder deflection from t r i m  f o r  a l l  conditione. 

(2) The cr i t ical   condi t fon for  e ideel ip  caused by roLling 18 
encountered in gliding flight .on the Martin Model 202 abplane. 
When glldlng at Vi = 141 miles per hour in a 45O banked turn, t h e  
rudder-f ixed  s ta t lc   direct ional   s tabi l i ty  ie such that  the  angle 
of s ides l ip  caused by fu l l  aileron  deflection is only 12.80 which 
is . considerhbly less than the permissible 20'. (See fig. 10. ) 

I 



14 NACA RM L7A31 

( 3 )  The rudder-force  characteristfcs ere such tha t  with the 
rudder f ree  the  airplane will alweye tend t o  return t o   t h e  t r im 
condition with the wings level. (See f i g .  9 . )  Although there are 
no actual force reversale shown, there are tendencies  toward over- 
balance a t  t he  larger angles of sideslip. Moreover, overbalance 
may w e l l  occur on the  airplane for 8ome o f  these  conditions i f  
the  basic  limitations of the model hfnge-merit data  are con- 
aidered. The data were insufficient, however, t o  eetnblish whether 
or not rudder lock would occur a t   e idee l ip  anglee greater than 15' 
t o  20'. If rudder  lock is encountered on the  airplane at the  
higher angle8 of eideslip, it mag be desirable t o  u t i l i ee  a larger 
dorsal fin in order t o  aipelioriite the deficiency. A8 will be 
pointed  out  later on in'tke discussion caf-culations were made for 
only a spring tab system. W i t h  a linked-balance-tab arrangement 
o r  with a combination of the two arrangmenta even greater  tend- 
encies toward overbalancing would be encountered. 

(4) The single-engine  condftion  investigated and re fer red   to  
in  t h i s  and subsequent sections  pertaining  to,asyrmnetric power 
conditions is for a climbing condition a t  a speed of about 1.!2V%. 

The thrust  simulated in the right engine ( l e f t  propeller  windmilling) 
corresgondod t o  about rated power a t  W/S of 41.9. Although t h i s  
condition is sometimea more stringent and a t  other times less 

. stringent  than those  specified in references 7 t o  9, similari ty 
was generally  close enough tha t  the one condition investigated 
could be used  throaghout. The data were insufficient t o  establish 
whether or  not  the airplane could be balanced directionally i n  
steady  straight flight for the aforementioned condition with the 
rudder free and t r i m  tab neutral. (See f ig .  11.) 

The amount of pitching moment resul t ing f'rm sidesl ip  alkhough 
not mentioned i n  reference6 8 or  9 is gonerally conaidered t o  be 
of Interest to a i r l i n s .p i lo t e .  This airplane will probably meet 
requirement 11-H of reference 22, for it is estimated  that, f o r  
ell conditions shown on figure 9, less than lo elevator movement 
is needed to. maintain longitudinal t r i m  when the rudder i s  moved 5 O  
fn either Wec t ion  from its trim position a t  zoro bank. 

E-3 Rudder control power .- (1) From the conditions investi- 
gated and ehom i n  f f p e  9, it appears safe t o  assume tha t  the 
rudder w f l l  be sufficiently powerful t o  trim t h o  airplane In a l l  
probable  steady symmetric flight  conditions  with  the wing@ level. 

(2) The only 'complete model yew data available for the landing 
contlition wag at a lift coefficfent corresponding to a speed of 
about 100 miles per hour. Using these data, it is estimated that, 

. 
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a landing e t  about 80 miles per hour fn a cross-wind at 16 miles 
per hour (20 percent VR) a t  wo t o   t h e  fli@t path would require 
trim t o  be a t t a i n a b l e   a t  - p  = 12O sideglip. It can be seen, 
f igure 9( e), that  only  about 6O l e f t  and 11’ right .sideslip. can be. 
held with  the  contemplated maximum rudder  deflection (G25O) The 
t r i m a b l e  BldeeLip range could probably be increased by wing lees  
than  the fu l l  down f l ag  setting. (See f ig .   9 (d) . )  A slight 
increase would a lso  be obtainable by increading  the maYrm* rudder 
throw t o  +30°, but. the resulting  increaeed  severity of rudder.  lock 
tendencies might not warrelit the  chwge.. Ns: data we.re a v a i k b l e  
with which to  estimate the rudder control during take-offs. 

(4) For the asymmetric power cmdition  investigated, figure U, 
it is  seen  that  about 22O r igh t  rudder is needed. t o  hold zero 
8Meslip. Rudder my not be available t o  meet the  actual  require- 
ment E-3-4, however, inasmuch a8 full take-off power m e  not 
eimulated. Moreover, the directional stability would be  expected 
t o  be somewhat greater with the flaps i n  the take-off setting 
(100 t o  150) . 

Application to CAA requirements.-  Sufficient  rudder.contro1 
is probably  available  to  execute 200 banked turns with OF against 
the  inoperative  engine f’ram a steady climb at a speed.of 1.4V& 
with maximum continuous power being  applied to the operating 
engine. For elthough the  thrust   coeff ic ient  simulated i n  the model 
t e s t s  analyzed  corresponded t o  only about ra ted  power at 
CL = 1.0 (W/S = &leg) a t  the CL f o r  1.4Vs~ (about 0.7) the 
power repreeented w0uJ.d be even greater than ra ted power for 
w/s = 33.7. 

No data were available f o r  single engine  operation  in the 
approach  condition, but because of the  large  direct iohal  stability, 
it is extremely  doubtful whether  Beading  changes of 15O against 
the inoperative engine could be achieved from t r i m  with the wings 
level .  

(5) It is eetirda€ed that only about 4.5O of right  rudder will 
be needed t o  Overcome adverse  aileron yaw durtng an abrupt. full 
right   a i leron r o l l  f r o m  a 45O banked turn in the glfding condi- 
tion a t  1 . 4 V ~ .  

E-4 Rudder pedal  forces . - As hae been previously mentioned, 
no par t icu lar   d i f f icu l ty  is e q e c t e d  to be encountered in obtaining 
sat isfactmy  control   force8 because of the  wide variety of linkage 
arrangeruenta . .  and springs of different strengths with which the 

. .  
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prototype airplane can be aquippd. AB an example calculatione 
using one logicel arrangement were made. This arrangement made 
use of en unpreloaded spring tab with a apring constant of 12 pounds 
per degree tab deflection. 

(1) If the means suggested. are used t o  increase  the trimmable 
sideslip  range, it is shorn i n  figures 9(d) and 9 ( e )  t h a t  the pedal 
forces will be  coneiderably less than 180 pounds for the  required 
cross -win& landing. Only.  aboxt 20 pounds of rudder pedal  force 
will be required t o  counteract the adverse aileron yaw in condi- 
t i o n  E-3-5. 

(2) The pedal force required t o  hold zero  aide8lfp i n  the 
asymmetric power condition  investigated was roughly 120 pounde with 
the trFm tab s e t  for zero pedal force i n  the synanetric  climb condi- 
tion. (See f i g s .  g(c> end 3.1.) The a c t e l  pedal force   for  the 
required condition would probably be somewhat larger as has been 
previously pointed out. 

E-6 Directional trbming device. - (2) If a spring tab system 
is ueed on the rudder, some thought should be given t o  the use of a 
eeparate tab f o r  trimming and balancing purposes* T h i s  is advieable 
becauere of the possibil i ty of reduced tab effectiveness f o r  balancing 
when most of the  unetelled l i f t  range of the tab is used up for 
trimming. Also i n  spring tab system the tab hinge moments c m 8 e  
the tab to blow back against  th3 epring requiring extra ef for t  on 
the pert of the pilot .in the. form of repeeted trim Jack adjustments. 
Because t h i e  airplane only a t t a ins  mohertitely high sp-e-eds and has 
not been desi&ned.for violent maneuvering, a combination spring 
and trim tab might be acceptable. 

(3a) The d i rec t iona l  trinrming device 18 eaei ly  capable of 
reducing the rudcler pedal force t o  zero i n   t he  gliding and climbing 
flight c a d i t i o n s  wfth the wings l eve l .  (See figs. 9(b) and (c)  .) 

(b) About 16.6O l e f t  tab (maximum deflection ZOO) is neceeeary 
t o  trlm in t he  agymmetric power c o n a t i o n  investigated. Inasmuch 
a8 in  t h i s  instance the required condition is el ight ly  lees gavere, 
sufficient trim tab should be available to meet It.  

Section F - Lateral Stabi l i ty  and  Control 

F-2 Gtetic lateral s t ab i l i t y  .- (1) The airplane will probably 
be laterally s ta t ica l ly  stablo uith both fixed or f ree  ailerons i n  
a l l  flap-up conditlons (See figs. 9fa)  t o  s(c) .) However, became 
of the' effects of double-slotted f lap  deflection, considerable 



negative  effective dihedral is indicated in the computed approach 
and landing  conditions  (figs. 9(d), and 9 4 )  ) . . The c m e 8 -  of rol l ing-  
moment coefficient  versue yaw angle  for  these  lat ter  condftions with 
the  rudder  fixed a t  Oo ahowed e i ther  a mall amount of s t a b i l i t y  or 
neutral   s tabi l i ty ,  but because of the  high  dfrect ional   s tabi l i ty  
present i n  these  conditions and the large change Fn ro l l i ng  moment 
with  rudder  deflection,  the  slope of the curve of to ta l   a f le ron  
deflection f o r  trim against p indicates appreciable  instability. 
It should Be remembered that because of the l imitations of the 
available  data  the flap-down estimates were made a t  speeds come- 
sponding to  angles of a t tack  which would be considerably lower then 
would. be normally used i n  the approach  and landing conditions A t  
these l o w  angles of a t t a ik   t he  f leps  were s t a l l ed  011 the model 
casting sane doubt on the applicabili ty of the  data to the higher 
CL range or  even the low % -range a t  the  higher Reynolds number8 
of  the  airplane.  Bevertheleas, unless .the rolling-' and yawing- 
moment characterist ics  are much changed a t   t h e  larger angles  of 
atta.ck,  even  the  rudder-fixed  dihedral  effect will be negative 
because of the greater  adverse  effect of power in the approach con- 
di t ion  and  because of the reduc.ed t a i l  contribution  to  posit ive 
dihedral effect a t  the  larger angles of a t tack fn both t h e  approach 
and  landing  conditions. If the dihedral  effect  indicated i n  
figures g(d) andge)   pers ia t  on the a i rp lane   a t   the  higher Uft 
coefficients, it is believed  trouble may be encountered on several  
ecore8. I n  making instrument  approaches a t   f a i r l y  l o w  a l t i tudes  
the  pilot   brackets a slender  range leg, generally w i n g  the rudder 
alone t o  accomplish this. The r a t e  of s p i r a l  dtvergence woulcl be 
high and would be contlnuelly  fnit iated and a w a v e t e d  by use of 
the rudder in obtaining  and  maintaining  headtngs. In a f-1 
landing approach it would be poeaible t o  have the  rudder fully 
deflected when attempting t o  maintain a ground track  while  4zying 
t o   r a i s e  a wing dropped by a gwt . The pb/';tv avai lable   for   level lng 
the wings in  "&is condition would gfve rolling veloci t ies  fer below 
those now desired by airline p i l o t s .  

(2) The s&ll effective  dihedral  coupled  with a ra ther  large 
direct ional  stabil i ty insures t ha t  the r o l l i n g  moment cau8ed by 
s ides l ip  i n  a rudder-f ixed  a i leron  rol l  will never be large enough 
t o  cause a reversal  of rolling velocity  because of- ai leron yaw. 

(3 )  The variation of Bide force with ang le  of sideslip will 
be such tha t  right bank accopipanfea right steady  sideelip and vice 
versa f o r  a n  conat ions  inveetfgated. ( S e e  f ig .  9.) 

F-3 Alleron  control power.- (I) There are  no differences 
between tha Van Zelm ailerons used on the  m o d e l  202 and conven- 
t ional   a i lerons which would cause  the airplane t o  r o l l  in the.wrong 
direction iqmediately a f t e r  an abrupt aileron deflection. 

! 



(3)  F.or all conditiom invastfgated, figure 12, the ro l l ing  
velocity will varJr smoothly with aileron deflection and bs approxi- 
mately proportional  to  the amount of  the  deflection. 

(4) The helix angle  obtained  wlth maam aileron  deflection 
w i l l  be approximately equal t o  o r  greater then the  required 
pb/2V = 0.070 for a l l  conditiozla  except i n  the gliding f l i gh t  
c o n a t i o n   a t  a .speed of ~8 a l e s  per hour (fig. E) where a . m a x i m u m  

value of pbI2V = 0 .OB4 58 obtainable. The values of pb/2V, 
however, were obtained from the rolling-maaent data of refebence 6 
and  contafn an arbitrary  correction  factor of 20 percent t o  account 
f o r  the ef fec ts  of adverse yaw and w f n g  t w i e t .  This  correction 
factor is beltieved t o  be conaer.vative  inemuch a8 the wing twist 
will probably  not be large a t  the speeds reached and the discussions 
of E-2-2 and F-2-2 indicate the adverm yaw effects  will he..rather 
small on t h i s  airplane. 

( 5 )  The value of pb will probably be considerably greater 
than 10 ‘ fee t  per second at l.lVq, when maximum aileron .deflection 
is wead ’ 

(4) Sufficient aileron control is ivaflable t o  secure l a t e r a l  
trim i n  the asymmetric power flight conditions invustiga’ted,  about 
two-thirds of tho available  aileron being required. (See f i g .  11.) 
Inasmuch as the ailerons remain effective up t o  full throw; it if3 
probable that requirement a-3-6 could be met for eny probabls 
asymmetric power condition  likely t o  be encountered f laps  up. 

(7) The ailerons ape effective enou& t o  obtain a pb/2V 
of 0.05 per 1000 of wheel t h r o w  up t o   a t  le’ast a epovd of 240 miles 
per hour( approximately 0.8Vmx). (See f lg .  12.) 

F-4 Aileron forces. - (1) The aileron  control-force  character- 
i e t i ca  in ro l l fng  maneuver8 and steady sidesl ips   are   not  always of 
8uffiCiont gradient t o  return the control to trim poeition when 
cogniacencs io taken of the allowable frictional limit of 6 pounda. 
(See fie. 9 and 12.) I n  fact ,  there ie actual overbalancing Indi- 
cated for  an  abrupt full roll in the glfdlng flight conditior-i a t  
the lower speed  investigated (fig+ E) I 

(2) The estimated value of 0.8pmnx in, l eve l  flight l e  approxi- 
mately 240 miles per hour. At this speed it would require a wheel 
force of  about 120 pounds, ( f ig .  12) t o   a t t a i n  the required 
pb/EV = 0.07. The fo rce  f a  caneiderably greater than  the allowable 
b pounds. Moreover, because of the overbalancing  tendencies a t  
the lower speeds, it does not appear f 8 a ~ ~ f b l e  t o  reduce the high- 
speed force by a change i n  the linked  balance  tab  deflection rate. 
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Application t o  CilA 2equirementa.T Id6mtion r e l a t i v e  t o  
CAA rolling  requirements  can be gleaned from t h e  'eectioi an at5eiigkh 
requirements in reference 7. There it is sta ted  that full ai leron 
deflection is required up to the design maneuvering speed 
(Vp = approximately 170 miles per hour fo r  this airplane) and that. 
when the design  cruising speed is i n  excem of Vp t he   r a t e  of roll 
required at   the   design  cruis ing epeed be not less than  that  obtained 
using ful l  aileron  deflectfog at Vpo Aaemi$rg a maum pb/iTv 
of about 0.07 a t  Vp, it ia apparent t h a t  only a -=-x 0.0'7=0.0495 pb 170 

2V 240 
will be required a t  240 miles per hour. The control  force required 
to obtain  thie pb/n is about 95 pounds, (fig- 12) st i l l  mer  the 
80-pound limit, but  possibly  tolerable. Nevertheless, overbalancing 
is ind ica ted   a t  lower speeds an& thus it m e  decided to   i nves t iga t e  
the character is t ics  with a spring-tab system. 

Control  forces and pb/2V were aatimated f o r  a s p r i n g t a b  
system with Fndividual unprelaaded spring units with a spring 
strength of 2 pounde per degree tab deflection at zero a i le ron  
deflection..  Calculations were made fo r  a aprfng tab the earn size  
a8 t h e  present linked  tab and for a spring tab of 50 percent 
increased  effectiveneae . Both tabs were assumed aerodynamicallg 
balanced with a deflection range of 213O. The c m e  of  6a 
versus 8, shown in  figure 4 was modfffed so t h a t   f o r  We same 
maximum Whed deflection (1200) no reduction in ma~fmum ai leron 
deflection will be obtained when tho spring  tab is fully deflected. 
It can be seen, figure 13, t h a t   i n  the gl id ing   conat ion  a5 
Vi = 240 Wles per how the wheel force for a pb/2V of 0.0495 
is  reduced t o  about 60 pounds with the tab of 50 percent  increased 
effectiveness. Moreover, although in the gltding condition a t  
V i  = E 7  miles per hour there still exfsts 8 slight  reduction i n  
control force for increased  aileron  deflection in the range of t o t a l  
deflections of between 22O and 35O, the objectionable overbalance 
has  been eliminated. 

(3) The aileron  control  force  for trim a t  zero sideslip in  
the asymmetzic power flight condition  investigate& w l l l  be of the 
order of 20 po~nds. Thfs 1s f a r  less then the listing Bo pounds. 
(See fig. 11.) 

F-6 Lateral  trimming devices. - (3a) The l a t e r a l  trii@Lng Bevice 
will be powerful enough to reduce t h e  aileron force to zero in the 
.gliding and  climbing  conditions a t  a l l  required speeda. (See 
figs. g(b) and (c) .) 

I 

I 
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(3b) ApproxiIlLately mximum available trim tab (27 .-5O) will be 
needed t o  reduce the aileron control  force  to zero a t  zero sideelip 
for the asymmetric power condition fnveetigated.. However, it should 
also  be noted thet the specific.  condition outlined for F-6-3b should 
a lso  be met fnaemuch a13 it is of less  severity  than  tha.t showh 011 
figure 11. . .  

Section 0 - Stalling  Characteriatice . .  

G-2 S t a l l  warnbe.- Becsuea of differences i n  scale' which will 
undoubtedly caw8 the stall Characteristics t o  d i f fe r  on t h o  aLr- 
plane  and model, the discussion will be of a brief qualitative 
nature base&  chiefly on the tuft studies and discussion of refer-  
ence 3 .  

Good stall warning will be real izea in the  landing  condition 
(af = 55') inasmuch as .the root  section unmistakably s t a l l s  first. 
In t h e  approach condition t h e   s t a l l  also be@- over the inboard, 
portion of the 'wing but spreads outboard over the  ailerons more than 
i n  the landing condition. For the  gliding condition (Bf = Oo) 
the stell  s t a r t e d   a t   t h e  inboard t r a i l i n g  edge and gradually .spread 
forward and outward. The addftlon o f  power p f  = 00) delayed  the. 
s t a l l  in t h e  nacelle  region. For both flap-up conditions, a good 
portion of the aileron region was s ta l led  before was reached. cLmax 

Thore generally will be a f a i r l y  marked increase i n  the rear- 
ward t ravel  o f  the cbntrol column as s t a l l  approaches. (See fig. 4.) 
T h i s  ia  e.apecially true i n  the- landfng  condition. 

G-3 Prevention of the completo s t a l l . -  The tuft sketchee showed 
t h a t  a good portion of the ailerons ware s ta l lod  before C b x  I was 

reached i n  the flap-up f-light conditione. The data of reference '6, 
however, indicate that considerable a i leron effectiveness  exists 
up t o  the stall. In the landing condition, the ailerons remined 
unstalfed abo.ve the. angle of attack f o r  C b x .  As ha8 been shown 
previously, the aval lable~elevator  to stall with tho  s tab i l izer  set 
i n  the flap-full-down  position wa8 marginal. However, fo r  leers 
posi t ive  s tabi l izer   set t ings  fn   the landing condition and i n  other 
conditions It should bo posa.lble t o  prevent or  recover from the 
complete s t a l l  by the normal,uso of the controls when corrective 
sction i 8  taken immediately after the s t a l l  warning occura. 

! 

(2-4 Differential  stal l ing of the wings.- Any di f fe ren t ia l  
s t a l l i ng  6n the  airplane- will depend c r i t i ca l ly  on t h e  amount of 
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asy~.metry i n  the actual airplane. .Model data showed that in flap- 
down conditiona  the rigllt wing panel Etal ied~~comiderably  ear l ier  
than the left panel. It wa6 also ahown, however, t h a t  the s t e l l  
occurred on the inboard  portion of the wing 80 tha t   the   ro l l ing  
or yawing moment8 incurred would probably  be controllable. 

The result8 of the analysis  based on the available  wind-tunnel 
data  indicate  that  t h e  Martln Model 202 airplane w i l l  probably 
possess satisfectory handling qualities in a l l  respects  except 
possibly in the  fol loning-  

1. The  amount of elevator  control  ava-ilable f o r  landing or 
maneuvering i n  the landing conditfon is either marginal  or insuffi- 
cient when ueing the adjustable  stabflizer linked. t o  the f laps.  
Moreover, indications  are that the longitudinal trim changes a r e  
neither  large  nor  appreciably w o r m  with a fixed e tab i l izer  than 
w i t h  the contemplated  arrangement u t i l i z ing  the adjustable &a- 
b i l i ze r  in  an  attempt t o  reduce the magnitude ,of the trim changes 
caused by flap  deflection. 

2. Indication8  are  that the aveilable  rudder  control will 
enable landing8 t o  be made in  cross winds a t  goo to the path of 
on ly  11 percent of the  stall ing  velocity f o r  som conditions. 
This condition  could be improved; chiefly by using somewhat lees 
than f u l l  f lap  deflection. 

3 .  Considerable  negative  effective  dihedral is probable in the 
landing and  approach COnditiOn8 which could make the airplane 
df f f i cu l t  if not dengerous to fly.  

4. The aileron  forcee in abrupt rolls a t   c r u i s i n g  speed6 are 
somewhat higher  than  the  desired Umits. Moreover, a t  the lower 
speeds the aileron forces  are undesirably low or overbalanced. No 
change in  the linkage arr6ngement of the linked balancing  tab would 
be l ikely t o  5mprove the control forces  for one condition  without 
having a detrimental e f fec t  OR the other. Homver, a spring-tab 
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arrangement can be dersigned that will provide reasonably  tsatis- 
factory characteristics for all conditione. 

Langley Memorial Aeronautical Laboratory . .  
National Advfaory Committee f o r  Aeronautics 

Langleg Field, Vag 

Aeronautical Engineer 

Margaret F. 'Spear 
Engineering Aide 

CME 
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TABLE I 

Ty-pe . . . . . . . . . . . . . . . . . . . . .  Commercial ean8-port 

Engines 
Mmufacturer ' 8  designation . . . .  Pmtt eC Whitney R-ZmO-CA3 
Ratings : 

1700 bhp at 2600 rpm at sea l eve l  
Normal power . - . - . 1700 bhp a t  2600 rpm e t  '7,000 ft 

1450 bhp a t  2600 rpm e t  18,500 ft 
Take-off power' . . . . . .  2100 bhp at 2800 rpm et sea level 
Supercharger type . . . . . . . . . .  Single stage, two speed. 
Propeller gear r a t f o  . . . . . . . . . . . . . . . . . .  0.450 

c 
Propeller : 

Type . . . . . . . . . . . . . . . . . . . . .  Hamilton Standard 
reV8rSible pitch 

Diameter, ft . . . . . . . . . . . . . . . . . . . . . . .  13.08 
Blade design . . . . . . . . . . . . . . . . . . . .  . ' Z I l ~ 3 - 4 &  
Number of blades . . . . . . . . . . . . . . . . . . . . . . .  3 

Side-force factor . . . . . . . . . . . . . . . . . . . . . .  132 
Actlvity  factor (per blade) . . . . . . . . . . . . . . . . .  168 I 

Landing gear: 
Tricycle (nom -wheel) type 

1 Water injection r a t ing  of 2400 bhp simulated i n  a l l  take-off power 
complete model testing. 

I 
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Area, sq f t  

Span, ft 

Aspect r a t i o  

Taper ratio 

2Dihedral, deg 

Sweepback, quarter chord line, deg 

Root section 

T i p  section 

Angle of incidence a t  root, deg 

Angle of incidence at break, deg 

Angle of incidence a t  tip, deg 

M-A*C*,  ft 

Theoretical root chord, ft 

Theoretical tip chord, ft 

lIncluaes no dorsal f h  area. 

Horizontal 
tail 

275 0 1  

36 *47 
4.6-4 

2 a 5  
0 

65 -013 
modif isd 

65 -010 
modified 

4varies 
fYam -1.60 
t o  4.4O 

1 
8.069 

10.833 

4.333 

Tertical 
t a i l  

2Dihedral measured st quarter chord line. 
'Angle of incidence measured with respect t o  fuselage base line. 
'Angle of incidence measured wlth reepect to w a g  chord line. 

I 

I 

I 

! 



. 

TAFm III 

AIRPLME COIJPROL-WIRFACE DATA 

Rudder WelagB flaps6 
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C o n d i t i o n  

I 
4.4 

1 
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down 
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1.2 
d m  
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Section A -A 

FyurQ I .-Three - view drowiny of the Moriln Mods/ 202 airplan%. 
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Mgure 3.- Var iat ion of rudder linkage factw w i t h  rudder 
d e f l e u t i o n  on the Martin Model 202 airplane. Spring 
tab looked, no load. 

Fig. 3 
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