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FLIGHT INVESTIGATION OF A E!"L SIDE-LOCATED COJWROL 

S T I C K  USED W I T H  EZETFtONIC CONTROL SYSTEMS 

B;r S. A. Sjoberg, Walter R. Russell, 
and Williem L. Alford 

A fl ight  investigation w a s  =de to  obtain  pilots'   opinions 0x1 the  
su i t ab i l i t y  of using a smll s t t ck  momted a t  the end of an a r m  rest at 
the  pi lot ' s   s ide  as   the maneuverl3g flight controller for a Tighter air- 
plzne. The s t i ck  used WES about 4 Fnches long & was pivoted a t  the 
bottom. Sinple sprin-gs were used t o  provide  centerb-g and f e e l   t o  the 
stick.  The side-located  co-rltrol s t i ck  was used  with  both a rate mto-  
metic  control system and an irreversible  electronic power control system. 
Included ta the   f lying were take-oXs, lmdings, s tell  approaches, 
cruisirg,  simulated  air-to-air  tracking, and aerobatics. 

None of the 14  p i lo t s  who used the  side-located  control  stick 
reported any difTiculty in  flying or controlling  the  airplme.  Further- 
nore , the   pi lots  were eble -to do precision  flying  such as tracking a 
nommneuvering o r  mildly  m-euvering  target  with good accuracy. In the 
pilots'   opinion  the  controller w a s  confortably  located and cordortable 
t o  use. The s t i ck  motions required were natural  and the   p i lo t s  became 
eccustomed t o  the  coEtroller  quickly. The pilots  preferred t o  move the 
stick  with  finger and wrist  motions r a the r   t hm am motions. A s ign i f i -  
c&& reduction of physical  effort f ro2  tha t  rea_uired f o r  a conve-n-tional 
control  st lck  resulted from use of the  side-located  controller. From a 
comfort arld precision  control  standpoint  the arm rest WES considered t o  
be esse-n-tiel. 

This  pzper  describes  reslzlts of a f l i gh t   bves t ige t ion  1- which a 
s m ~ L 1  s t i ck  (abogt 4 ilrches long) Koun-bed at the end of an arm rest et 
the  pi lot ' s   s ide was tlsed as the  airplane maneuvering f l ight   control ler .  
The airplane used w a s  a Navy Tighter End the side-located  controller was 



used  with an irreversible  electronic power control system and a r z t e  
automtic  control system which is described i n  reference 1. 

Secently  consideration  has been  given t o  use of side-located  control 
s t icks  8s  the grinary fl ight  controller  for  airplanes.  Among the  reasons 
for  the  interest   in  side-located  controllers is that the  space  in  the 
center of tine cockpit is n ? e  available for other equipnen-b such as radar 
or other flight displays. A nmber  of  autozmtic  pilots have ut i l ized 
siee-located  controllers somewhat similm t o   t h e  one  used in  the  present 
program. In generzl, these zutomatic p i lo t s  allowed only llmited maneu- 
vercng z t  slow ra tes  and the  controllers were used more as  trimming devices 
rather  than as naneuvering  controllers. With the systems  used in   the  
present  investigation, rapid ar?d universal maneuvering are possible, and 
the m a b -  purpose of the flight program w a s  t o  determine whether a con- 
t r o l l e r  of the  type used would be satisfactory for rapid  mneuvering and 
for other flight operations which a fighter  airplane m i g h t  be required 
t o  perform.  Another  purpose  of the   f l igh t  program w a s  to  obtain informa- 
t i on  on controller feel characteristics. The evaluation of the controller 
has been  based  almost entirely on pilots'  opinions. 

SDIEOLS 

pressure altitude, I"t 

Mach nwtber 

n o m 1  ecceleration, g units 

indicate6  airspeed,  knots 

arlgle of attack, deg 

mgle of sideslip, deg 

total   a i leron  def lect ion,  deg 

side-located  control  stick  deflection,  lateral, deg 

side-locsted  control  stick  deflection,  fore and aft, deg 

elevator  deflection, deg 

rudder  deflection, deg 
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I, pitching  velocity,  radians/sec 

# rolling  velocity,  raaians/sec 

3 r o l l h g  acceleration,  radians/sec2 

yawb"g velocity , r ad ia s / sec  

(u circular frequency,  radiulslsec 

DESCRIPTION OF AIRPLANE, CONTROXER, mD CONTROL SYSTE%IS 

Airplane 

The z i rp lme used  vas a Navy fighter  with sm unswept wing and a 
turbojet  engine. A photograph or" the   a i rp lme is  presented ~ figure 1 
and e two-v+ew drawtng of the  a i lplane  is  shorn- i_n_ figure 2. General 
diiensions and characterist ics of the  airplane are l i s t e d  in tab le  I. 
Tke wing-tip  fuel  tanks were on the ai-rplane T o r  a l l  f l igh ts   bu t  no fue l  
was cwr ied  in them. A hydrmlic  booster system, which provides a boost 
r a t io  or' approxirmtely 37:1, is incorporaked W the aileron  control system 
of the  airplane and a spring tab is used in the  elevator  control system. 
Tie rudder  control system is of the  conventional  nanual type. 

Coatroller 

me  side-located  cofitrol  stick used was d inches  long and 3/4 inch 4 
in  dkmeter.  It was pi-voted ~t the bottom md uounted at the end of en 
arm re s t   a t   t he   p i lo t ' s   r i gh t  side. Pnotographs of tne  controller 
instal le t ion  zre  shown in figure 3. Figure  3(a) shows the manner i n  
which the  s t ick wzs held. by the  pi lots .  The pilots  preferred t o  operate 
the  stick  with  finger and wrist notions rather khan  arm motions and they 

held the   s t ick about % to 3 inches above the pivot  point.  Longitudinal 
o r  l a te re l   no t iom of the  control  stick  generate  electrical  signals pro- 
portional t o  the s t i ck  Cieflection and these  signals  are  introduced  dLrectly 
in to  the  elevator or aileron  servo  amplifiers. The mimum s t k k  deflec- 
t i o m  are  Epproxinately 130' longitudinally and  +40° la teral ly .  SprFngs 
were used to provide  centering m d  fee l   to   the   cont ro l   s t ick ,  and springs 
which provided d1r"feren-t force  gradients were use&.  Figures 4 (a) end 4 (b) 
show the  variations of longitudinal  st ick  force  with  st ick  deflectlon  for 
twa 03 the  springs used.  S-ilar  data f o r  la te rz l   s t ick   no t ions  a r e  
presented i,n figures 5(a) an& ?(b). The data  preseEted in figures 4 esd 5 
are  fron ground ueasuremerrts and were obtained  as  the  stick was  moved 
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slowly. A s  noted in  the  figwres,  the  forces  are  for a 2.75-inch moment 
a m  which corresponds  approxilately to   the  point  at which the  pilots  held 
the  s t ick.  Y 

Inspection of figures 4 and 5 shows the  forces  associated  with  the 
side-located  controller t o  be  very l i gh t  in conprison with  those  usually 
present w i t h  conventional  control  sticks. A discussion of the  controller 
deflections md forces   in   t e rm of the  airplzne  response is given i n  the 
section “Tests, Results, znd Discussion. 

Control  Systens 

R a t e  autonatic  control system- Except for  the  controller,  the rete 
automatic  control  system was the same one used i n   t h e  program described 
i n  reference 1. Briefly, with this system the  airplane  steady-state 
pitching or roll ing  velocit ies  are  proportional  to  the  longitudinal or 
le teral   control   s t ick  def lect ions and, fur ther ,   the   s ta t ic   sensi t ivi t ies  
between angular velocity znd stick  deflection  are independent of the air- 
plzne  flight  condition. For control-free ( h d s - o f f )  flight the rate . 
autometic  control  systea  attempts  to’regulete  the  airplme angular veloc- 
i t i e s  t o  zero. In both pitch and roll the   s ta t ic   Sens i t iv i t ies  between 
airplzne engular velocity and control  st ick  deflection could be varied 
and informtion on the  sensi t ivi t ies  used ere  presented  in a la ter   sect ion 
of the  report.  Also,  in r o l l ,  e nonlinear  vwiation of steady-state 
roll ing  velocity w i t h  lateral control  st ick  deflection w a s  zsed. With 
this nonlinear  systen  the  static  seositivity was reduced for sn-211 con- 
troller  deflections.  

4 

Irreversible power control system.- The elevator and aileron 
Trreversible power control  system  utilized Cne electrical  servo  loops 
of the  ra te   automtic   control  system. A block diagrz-?: applicable  to 
both the elevator and aileron  control  syste? is show- in   f rgure 6. In 
the elevztor  channel  the  electrical  servoEotor  drove  the  elevator znd 
in   the  e i leron  chmnel   the  e lectr ical  servomotor actuated  the  input of 
the  hydrzulic  booster  unit  in  the  airplane  lateral  control system. 

” 

With the power control  systexs  the  static  sensit ivit ies between the 
elevehor or aileron  deflections md controller  deflections  could  be  veried. 
The sens i t iv i t ies  used are presenteed i n  a la ter   sect ion of the  paper. A 
nonlinew  variation of aileron  deflection  with  controller  deflection, which 
provicled reduced sensi t ivi ty   for  small controller  deflections, was also 
used. 

Fk.equer,cy-response data  for the longitudinal and l a t e r a l  power control 
systerr.s Fn term of elevztor and aileror  deflections  for  outputs and con- 
t rol   s t ick  def lect ions for inputs 8s obtzined in f l i gh t   a r e  presented i n  
figures 7(a) and 7(b) ,  respectively. These frequency-response dzta were ,. 



obtained by making frequemy  amlyses of ne= step  comtrol  stick  deflec- 
t ions end of the  resultant  elevator m-d aileron  motions. The transient 
responses were obtained in f l i gh t  et  a Mach  number of &out 0.60 and an 
a l t i tude  of 10,000 feet .  A Coradi  hamonic  analyzer was used t o  perform 
the  malyses. A description of the Coradi harmonic analyzer is given 
in  reference 3. 

From figure 7(a) the resonazlt  freque-n-y of tile longftudtnal  control 
system  can be seen t o  be slight12 greater  than 2 cycles  per secoEd which 
is the  natural  frequeocy of the servo loon. The lateral control system, 
figure 7(b), hes  higher damping than  the  longitudinal  control  systen  as 
i s  indiceted by the l x k  of a peak in the  amplitude-ratio  curve and the 
larger phase shifts present  in the frequency-response data f o r  the l a t e r a l  
control system, figure 7(b). 

When the  elevator and eileron- power control systems were used the 
rudder  control system was, fo r  most f l ights ,   the  same as with  the  rate 
automtic  control system, which LEI turn was the same as thz t  of the att i-  
tude  control system  described in reference 2. A r a t e  &yro provided 

regulzte the la teral   accelerat ion  to   zero.  When take-oEs were made 
using  the  irreversible power control  systems, the  ailplane conveEtionzl 
rudder  control system was used. 

V increesed dampihg i n  yaw to  the  a i rplane arrd a ner?dulum was used -Go 

. 

NACA recording  instruments, which measured the  following  quantities, 
were instal led  in   the  e i rplane:  

Nom11, longitudinal, ad transverse  accelerations 

Pi-Lching, rolling, and yawin-g velocit ies uld acceleratiom 

AirsGeed and a l t l tude  

Elevator,  eileron, and rudder positions 

Elevator,  aileron, end rudder  servo posi t iom 

Angle of zttzck a d  sfdeslip  vlgle 

Pitch end bank a t t i tude  ag les  

LongitudFnal and lzteral   side-located  control  st ick  posit ions 



The airspeed head, which was used t o  meas-ure airspeed and alt i tude,  
w a s  nounted on a boom which extended  out of the  nose  of  the  airplane. 
(See f ig .  1.) No calibrztion w2s made  of the  airspeed  installation; 
therefore,  the  airspeed ELnd alt i tude  dzta  presented  in  this paper have 
not been carrected f o r  position  error. It is estimated  that  the  error 
in   the  measured static  pressure due to  the  fuselage  pressure  f ield is 
about 2 percent of t'le impact pressure E t  low angles of attack. The 
airplane  angle of attack end sideslip  angle were measured with  vanes 
which also were nounted 02 the  nose boon. 

TESTS,  RESULTS, AND DISCUSSION 

The pilots  evaluated the side-loc&ted  controller by using it t o  
perform tes t  mznsuvers such as gradual and rapid  pull-ups .&SI& r o l l s  and 
windup turns zt vmious  airspeeds end alt i tudes.  Also, the  controller 
w a s  evalua-ted 5ur-g vzrious flight  operations as, for  example, take-offs, 
landir?gs, s tall  approache6, air-to-air  tracking, rough air  flying, and 
zerobatics  (chzncelles,  loops,  bmrel rolls, etc.). Except for  the  take- - 
offs ,  the flight mneuvers and operations were perforned when both the 
ra . to  xutozatic  control  systen snd the  irreversible power control system 
were used.  Take-offs were ra3e  only with Kce  power control system. For 
t n e  take-offs, tine riidder  servo  actuator was disconnected and the   p i lo t  
used  the  airplane  conventions1  rudder  control system. The rnax5mrn test  
a l t i tude w a s  approximately 36,000 f ee t  and the maximum t e s t  Mach  number 
was approxuetely 0.8. 

No detailed  evaluati-on of the r e t e  automatic  control  systen is given 
Fn this paper  since t h i s  has been done previously  in  reference 1. The 
enptasis  in tkis paper is plzced on the pilots'  opinions of %he side- 
loceted  controller. 

Fourteen  experienced t e s t   p i l o t s  f l e w  the  airplane using the  side- 
located  controller.  Five were Navy pilots,   three were A i r  Force pi lots ,  
one w a s  sn industry  pilot, and f ive  were WCA pi lo ts .  Except for  one 
NACA p i lo t  who hzd 20 f l igh ts  w i t h  the equipment, the  other  pilots had 
fron one t o  three  f l ights.  

Longitutiinal  Control and Response Characteristics 

Rate automtic  control system.- A s  hes been s ta ted  ear l ier  in t'ne 
pager,  except for tine cor-troller,   the  rate axtomatic  coctrol  system used 
w a s  the sane as that  described  in  reference 1. "rmsient  responses  in 
pitch  for  the combination of the  airplene and rate  control  systez  for 
near  steF  inputs a r e  prese-n-ted in  reference 1. Also presented in refer- 
ence 1 are frequency-response  data.  Since the response data presented 



in r e f e r e x e  1 were obtawed  with  the sane z i rp lme and control system 
as used 5n %he present program, Yfiese response  data &re not  duplicated 
in   this   report .  The s ta t ic   sens i t iv i ty  between airplane p2tchiP-g velocity 
and side-control  stick  deflectioa a d  force were, however, different  than 
in   the  tes ts   reported in  reference 1. For the   tes ts   reported in refer- 
ence 1, E center-located  stick was used. With the  side-coGtrol  stick  the 
s ta t ic   var ia t ion of airplvle  pitchwg  velocity  with  stick  deflection was 
essentially  l inear and the   s ta t ic   sens i t iv i ty  had. a  vzlue of 0.012 rEc%i&n 
per second per  degree. This s t a t i c   s ens i t i v i ty   i s  independent of air- 
speed. The stick  deflection  per g and  tine stick  force  per g (with z. 
simple  spring f e e l  system) are  therefore  inversely  proportional t o  the 
airspeed. At a Mach  number of 0.6 and an a l t i tude  of 10,000 feet,   the 
stick  deflection  per  unit of acceleration is 7.2O per g, m a  f u l l   s t i c k  
deflectior?. of 30° w i l l  produce an increment i n  normal acceleration of 
about kg. Us- the vstlues  of static  sensit lvity  given above End the  
stick-force-stick-deflection datz. presented  in  figure 4, estimates cazz 
be made  of the  s t ick  force  per   uni t   nom1  accelerat ion.  

The force-deflection  charecteristics of figure 4(a)  were used only 
for  a few f l igh ts  and only one p i lo t  f l e w  the  zirplane  with  these con- 
t rol ler   character is t ics .  Most of' the   f l igh ts  were made when d i n g   t h e  
stick-force-stick-deflection  characteristics shown in figure 4(b) ,  and 
a l l  14 pilots  flew when using  these  controller  characteristics. The force 
grzdient '&ough neutral  was about l2 ti?res larger  with  the  feel  system 
of figure 4 (b ) than  with  the  feel system of f i&ure 4 (a) . For increasing 
stick  deflections  greater  thm ebout loo the  stick-force  gradient  decreased 
rapidly. This rapid  decrease  in  force  gradient w a s  unintentional and %he 
springs which provided  these  feel  charecteristics were f i r s t  used f o r  
reasons of expediency. Fron f l i gh t   t e s t s  it was found that  the  conlinear 
force  gradient w a s  not  noticeable t o  the  pi lots ;   s ioce  the  pi lots  had 20 
objections t o  the  nonlinear  force  grzdient, no sttempt was  made t o  gro- 
vide more l inea-  force  characterist ics.  It should  be noted. t ha t  most of 
the  mnewering was dore  within -the linear  range of t he   f ee l  system and 
that  not a l l  of the  pilots  f lew in the  nonlinear  range. f i o m  figure  4(b) 
it can be seen tha t  Eppreciable f r i c t ion  w a s  present ,   the   f r ic t ion bvld 
in  terns 09 stick  force  being  about 0.7 t o  1.5 pounds depending upon the 
stick  deflection. 

A s  previously  noted,  the  stick  deflection  per unFt accelerzt5on is 
7 . 2 O  per g a t  a Mach  number  of 0.6. Using this  value of st ick  deflection 
per g znd reTerring  to  f igure k ( b ) ,  the  stick  force  per  unit of accelera- 
t i o n   c m  be  seen t o  be about 2 .O pourds per g for  slowly  increasing  pull- 
ups. Tnis v a h e  of force  per g is applicable oaly t o  increneEta1  acceler- 
ations of 1.58. 

51 the  pilots?  opinioE  with  the  force-deflection  chmacteristics of 
free k ( b ) ,  the  airplme  control and feel   character is t ics  were satisfactory. 
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Irreversible power control system.-  Figure 8 shows time his tor ies  
of rapid  p-Jll-ups E d e  E t  varioias speeds and al t i tudes when using the 
side-located  controller in conjunction  wifn t'ne longitudinal power con- .. 
t r o l  system. In  these mzr"euvers the  control  stick was  moved aft in  near 
step  inputs. These t i ? e  histories  are  presented  to  i l lustrete the control- 
systen  response md the  airplane  response  since  the  pilots'  opinions  of 
the  controller  are  essociated  closely with the  responses  resulting from 
controller  deflections 2nd forces. For these maneuvers the  s ta t ic   sensi-  
t i v i t y  between elevztor  deflection and controller  deflection based on 
grounci  meas-mements  was 0.28. 12 flight the  s ta t ic   sensi t ivi ty  was con- 
siderably Less than -this value and decreased  with  increase  in dynamic 
pressure. A t  a Mach  nurllber of 0.6 an3 a l t i t ade  of 11,000 fee t   ( f ig .   8 (b) ) ,  
the   s ta t ic   sens i t iv i ty  w a s  aboxt 0.11. The decrease in   s ta t ic   sens i t iv i ty  
occurred  because the  servo  ectuator was located  near the cockpit a t  a con- 
sidersble  distance from the  elevator;  therefore,  the  flexibility of the 
control  systen  redxed  the  elevator  deflection  per  unit of servo  actuator 
rotztion. Also, the sprir-g  ta5 i n  the  airplane  elevator  control system 
caused a reduct ion  in   s ta t ic   sensi t ivi ty   to  occur as the dynamic pressure 
increased. 

By rererr ing  to   f igure b(b) (only  the  feel system documented i n  
figure k ( b )  wzs used with the power control  system), the forces  associ- 
ated w i t h  The  mm-e-Livers of f igare 8 cen  be  obtained. A t  a Mach  number 
of 0.6 am3 an altitude of 11,000 feet   ( f ig .  8(b)), the stea&y  stick 
deflection  per  unit of acceleration is abo-at 6.20 and the  force  per unit 
acceleration i s  about 1.6 pounds per g.  

I% the  control system ha6 been inf in i te ly   r ig id  and the   s tab i l i ty  
deriv6tives  irxariant,  the  elevator and stick  deflections  per g md the 
stick  force  per g ( w i t h  E simple  spring  feel  system) would be inversely 
proportional t o  the dymmic pressure. The effect  of control system 
f l ex ib i l i t y  i s  t o  reduce  the  variation of stick  deflection  per g and 
s t i c k  force per g that  occurs  vith chm-ge in  dynamic pressure. 

Ab was also  the  case w5th t'ne ra te   control  system, the   p i lo t s  were 
of the  opinion  that  the  control an5 response characteristics  associated 
w i t h  t'ne longitudinal power control  syste- and the  side-located  controller 
were satisf&ctory.  Therefore, f i e  sm-e stick  serrsit ivity and the same 
feel  springs were used  th-ou&-out the  f l ight  program. The sensi t ivi ty  
set t ing used  allowed s-dricient  elevator  deflections  to make landings, 
take-offs,  stalls, and t o  a t ta in  zn increnent  in normal acceleration of 
bg. .by  dead spot i n  tae  control was of such a mgnitude as to   no t  be 
noticeable  to  the  pilots.  Also, the time lag of about 0.1 second  between 
a s t ick  Kotion Elld the ensuing  control  swfece motion was mall enough 
not t o  be  Eoticeable to   the  pi lots .  
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Rate  automatic  control  system.-  Transient and frequency  response 
date Z n  roll far  the  airplane-rate  automatic  control system are presented 
in reference 1 anti are not duplicated in  this  paper. Two stick force 
gradients were used in the  ir-vestigation. The stick  force  gradient of 
figure S(a) was very l ight   with  the m a x i m m  force b e ~ g  about 1 pound. 
In the  opinion of the one p i l o t  who flew  with  this  feel system, the  Iorces 
were definitely  too liet. The controller  force  gradient shown 7 h  f ig-  
ure S(b) i s  &bout four  times  greater t” that of figure 5(a) ard this 
force  gradient w e s  used f o r  most of the  flying. 

Stick  ser-sit ivit ies  (ratio of steady  roll ing  velocity t o  s t i ck  
deflectior)  ranging from about 0.030 t o  0.113 rdian/sec/deg were used. 
With the  heavier  feel  system it was the  opinion of the pilots that the 
maximum uszble  sensit ivity was about 0.07 radian/sec/deg  (see  fig.  g(a) ) 
at a Mrech nunber of 0.6 and ~n altitude o f  10,000 fee t .  A t  higher sen- 
s i t i v i t i e s  or higher d-ic pressures  the  pilots found the  rol l iog 
accelerations  resulting from smll controller  deflectiom m& forces t o  
be t o o  high. %is made the con t ro l   f ee l   j e rQ  and made precision fly5ng 
d i f f icu l t .  Although the  oversersit ivity at high dynamic pressures  could 
be alleviated by decreaswg  the  stick  sensitivLty,  the maxirrum ro l l ing  
velocity (for  a given rn5m.m stick  deflection) would be  decreased at the 
same time. 

lh order t o  provide a low sen-sitivity  for  precisLon  flying and, at  
the same time,  a high mxi?nwn roll ing  velocity,  e noElinear roll control 
systen w a s  used. This nolllinem  system  provided  a gradient which wes  e 
minimm for  small stick  deflections and which increased  gredually  as  the 
st ick  deflection Wcreased.  Figure g(b) shows the  variation of steady 
rolling  velocity w i t h  lateral .   st ick  deflection f o r  t h i s  nonlineax  system. 
It was the  opillion of the   g i lo t s  that the  smaller  gredient  present  at 
small stick  deflections wivn the  nonlinear system macle precision  f lying 
easier. However,  some of the p i lo t s  still preferred  the  overall  charac- 
t e r i s t i c s  of the  line- system t o  those of the  nonlineer system. One 
pilot  objected t o  the  nonlinear system  because when rolling fast, it was 
d i f f t cu l t   t o  maLnta5n a constant  rolling  velocity  beceuse of the  high 
sensit ivity  present at large  s t ick  def lect iom. Tfie r e su l t  was tha t   the  
airplme  roll ing  velocity tended -Lo oscil lEte about  a cons-knt. value of 
rolling  velocity. *om a precision-flight  standpoint, the high semi- 
t iv i ty   a t   lmge   s t ick   def lec t ions  is probably  not  importat  because when 
rolling fast   the   pi lot   i s   not   t rying t o  perform a precision  task. None- 
t ie less ,   the  pilot fomd the  airplaae  roll ing motions  uncomTortable end 
disconcerting  since  he was not intentionally  causing  the motions. - 

&-e p i l o t  found h i&  ro l lwg  acce lera t ions   to  be  more troublesome 
with Lhe side  controller  than  with a conventional  center-located stick. - Because of higher  deflections and forces  required of the  center  st ick 
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the   ra te  of control  application  tends  to be  considerably less than  that 
with  the  side  controller. Also, the   p i lo t  was of the  opinion that the 
higher  stick  forces  usually  present  with E center  st ick caused h h  t o  
tense  his muscles t o  zpply  the  required  force and this in turn tended t o  
brace hWL against  the  rolling  acceleration. 

It is of incidental   interest  t o  mention that  a heal  support which 
restrained the p i lo t ' s  head in   the  lz teral   d i rect ion was used. A photo- 
graph of this head support is shown as figure 10. The p i lo t s  found the 
head support t o  be a defini te   a i5  in maneuvers jnvolving  high  rolling 
accelerations because the  support  fixed  the  pilot's hezd with  respect 
t o   t h e  airplane Ynus keeping the head from hi t t ing  the  s ides  of the 
canopy and  makiEg it easier fo r   t he   p i lo t   t o  observe  the gun sight and 
other ins t m e n t  s . 

ikreversible power control system- Time his tor ies  of the  control- 
system  response end airplane  response a t  various  flight  conditions for 
near  step  side-located  control  stick  deflections  are  presented in f ig-  
ure 11. For the  maneuvers shown in figure 11, the  s ta t ic   sensi t ivi ty  
between total   a i leron  def lect ion and s t i ck  dei'lection was about 0.77O per 
degree  based on ground tests. Again t'ne s ta t ic   sens i t iv i ty  w a s  somewhat 
less i n  flight because or" control-systen  flexibility. A t  a Mach  number 
of 0.6 an& an a l t i t d e  of 10,000 fee t ,   the   s ta t ic   sens i t iv i ty  was about 
0.63~ per  degree. 

1 

A s  with  the  rate  control system, a l inear and a nonlinear  variation 
of controller  output  signal  with  lateral  stick  deflection was  used.  Since 
the  gain of the  servo systern increases  with  increasing  amplitude of input 
signal  (see  the  frequency-response data in ref .  2), there is 2 sl i@t 
unintentional  nonlinezrity  present  near  neutral with the  l inear system. 
Vzrious control   s t ick  sensi t ivi t ies  or gains were used.  Figure 12 shows 
the variation of total   a i leron  def lect ion and rolling  velocity wi th  
la teral   s t ick  def lect ion  for  one stick  sensitivity  setting  with  both 
the l inear  and nonlinear  system. These data are   for  a Mach  number 
of 0.6 and an a l t i tude  of 10,000 fee t .  A t  t h i s  flight condition w i t h  
the  force  characterist ics of figwe 5(b), the gain  used  with  the  lin- 
ear system was considered by the   p i lo t s   t o  be about  the maximum usable 
from t i e  standpoint of control  sensit ivity.  

Pi lots '  Opcnions of  Side-Located Controller 

In this  section of the  report an attempt is made t o  give  the  pilots '  
overall  opinions of the  side-located  controller.  Since an electronic 
control systern was being used znd the   re l iab i l i ty  of such  control systems - 
has  not been established,  the  pilots,   paticulzrly  those who had only 
one ?light, tended t o  be sonewhat apprehensive  relative  to  espects of 
r e l i a b i l i t y  when flying  with  the system. Tnis  factor my have influenced 



the p i lo t s '  opinions. Also, it is poirted  out  that only oDe s ide  COD- 
t rol ler   located in only one positioa  has been used. AS rr?ight be  expected 
there was n o t   u n m h i t y  of opinioc  with  respect  to some character is t ics  
and t h e   m j o r i t y  opinion is usually  given. However, spec i f i c   p i lo t l s  
objections me a lso   l i s ted .  

The opl3-ions of the   p i lo t s  were obtained 7 3  post-flight  interviews 
and by mems of a questiomnaire which the p i l o t s  amwered at "Aeir con- 
venience, The questiormAire w i t h  the answers from eight p i l o t s  is 
presented  in  the appendix. 

Cor~l'or-L and naturelness or" co2trol.- A l l  of the p i lo t s  were of the 
opinioll thet the side-Located controller w a s  comfortcbly  located and 
confortable  to  use. Tce s t i ck  motiors  required were netwal and the 
pilots  becme  eccustoaed t o  the controller  quickly. 

The pi lots   preferred  to   use  f inger  uld wrist motiom  rather  than 
am- xotions when flytcg  with the side  controller.  From a caMort and 
precision  control  standpoint, the arm rest is considered t o  be essential. 
The locetions of the  Laterel and longiIxdin,al trim knobs, which can be 
seen by r e f e r r ~ g  t o  figure 3 (a), were izllsetisfzctory. Uhen t rhnir?g,  
p i lo t s   des i re   to  keep a hend on the coEtrol   s t ick and this could  not be 
done w i t h  the t e s t   i n s t a l l a t ion .  No a t tenpt  was made i z ~  the grogram t o  
provide  setisfactory t r k  knob 1ocr;tions. 

Mrlagnitudes of forces and deflections .- Although several   dffferent  
controller  deflection-force gtldiellts were used io the  progrm, no detailed 
ef for t  was nade t o  es tabl ish  sat isfactory or opfinum ranges of control ler  
forces a d  deflections. The la te ra l   force  an& deflectioE  characterist ics 
have  been discussed  previously m.d w i l l  not be discussed  again  here. 
t he   f ee l  systen? havb-g tine charecter is t ics  shown W figure 4(b) w z s  used, 
the  lon-gitudinal  control  feel and deflect ion  character is t ics  an6 the 
associated  eirplane  response were pleasing  to  the p i l o t s  for  t he  ranges 
of flight conditions covered and lor the marleuvers performed. Eowever, 
several   p i lots  expressed. the  opinion tht the  cootroller  forces may be too 
Lh&t f o r  violent maneuver-g 7511 that it may be too easy f o r   t h e   p i l o t  
t o  iazdvertently  cause  the  structurel  lZmitations of the aLrplane t o  be 
exceeded. The nonliEear  force  deflection  variation (see f ig .  4 (b) ) 
althougi  probebly  undesirable was not  noticeable t o  the p i l o t s  amd tney 
had no adverse c m e n t s  concern5ng this   character is t ic .  It should a l so  
be mentioned that the hazmoay o f  forces bekween Longitudinal & lateral 
control was in  the  pilots '   opinion  satisfectory.  

Generzl  fLying  characteris%ics.- Tqe side-loceted  controller was used 
Tor a. vmie ty  of flight operrtions  includhg  tzke-offs and Landings i n  
caLc air and in rnoderetely gasty  cross w i n d s ,  stall approaches,  simuleted 
weve-or'fs, cruising in both smooth m d  rough air, aerobatics, and tracking. 
For t h i s  flying nolle of the  pilots  reported ES.Y paz tku la r   d i f f i cu l ty  in  

- 
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- 
fLying or controlling  the  airplane  with  the  side-located  controller. 
Fu-rtherxore, the  pi lots  were ab le   to  do precision I l y u g  such as trecking 
a nommeuvering or nildly  mneuverhg  target with good accuracy. * 

The pilot   effort   require6 in flying was reckiced when using  the  side- 
located  cantroller. The redilced p i lo t   e f for t   resu l t s  from l ight  control 
forces and increased  confort  provided by the a r ~  res t .  

It was pointed  out in  reference 1 that  fne p i lo t s  did not  object  to 
the   neut ra l   s ta t ic   s tab i l i ty   ( s t ick  displacement m 6  stick  force  zero  for 
1 g flight a t  any airspeed)  with  the  rate  control  systex  for  the  flight 
operztions  reported  therein.  Since "c r q o r t  was written e lzrge axount 
of flight t ine  has  been  accumulated w i t h  the rate  control system atld 
several  pLlots have commented  on the  lack of pos i t ive   s ta t ic   s tab i l i ty  in 
1 g stall  Epproaches. T4re general  opinion is  that, even though the  neutral  
s t z t i c   s t a b i l i t y  is not  objectionable  for most flight  conditions,  positive 
s t z t i c   s t a b i l i t y  i s  desirable  for low-speed fli&"L near  the  stall   since 
a rearward s t ick  t ravel  and an increasing pull Torce provide stall  warnhg 
t o   t h e   p i l o t .  

A flight investigztion was made t o  rietermine  whether a snall s t ick  
mourted a t   t he  en& of an arx r e s t  a t  the  pi lot ' s   s ide would be suitable 
for use as a xzneuvering f l ight   control ler  for  a f ighter   a i rplme.  The 
s t i ck  used was about 4 inches  long and w a s  pivoted at the bottom. Simple 
springs were used t o  provide  centering enC fee l   to   the   s t ick .  The side- 
located  controller w e s  used with  both a r a t e  eutomatic  control  systen 
an3 an irreversible  electronic power control  systex. The equipment used 
allowed r&pitZ ard universal maneuvering and hcluded  in   the  f lying done 
w i t h  the  side-located  controller were t&e-off s, landings, s tsl l  approaches, 
cruising  in both smoot'n and rough a i r ,  simalated  zir-to-air  tracking, md 
eerobetics. Tle m a i m m  t e s t  Mach  number was about 0.8 and the  maxinm 
al t i tude  was 36,000 feet .  

For the flying done i n  this investigation, none of the pilots reported 
any par t ic-dzr   diff icul ty  in flying or controlling  the  airplane w i t h  the 
side-located  controller. Furthermore, the   p i lo t s  were ab le   to  do precision 
f lying such  as  tracki-ng a nonnaneuvering or m i l d l y  maeuvering  target with 
good accuracy. In the  pilots'  opinion  the  side-located  controller was 
comf'ortzbly  located and cor2ortable t o  use. The s t ick  motions  required 
were natural  and the  pi lots  became accustomed t o  the  controller quickly. 
T'ne p i lo t s   p refer red   to  move the stick  with  finger and wrist motions rather .. 
than m notions. From e coriort  end precision  flying  standpoint,  the 
p i lo t s  considered  the arm r e s t  t o  be essential. 
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The longitudhal  control a d  response chmecter is t ics  were considered 
t o  be setisfactory by the  pi lots .  A t  a Mach nmber of 0.6 end B T ~  a l t i t uce  
of 10,000 feet,  the  force  per g was &bout 1.5 to 2 pounds for  accelera- 
t ions betxeen 1 g and 2g. Tne force  per g decreased w l t h  ihcrease  in speed. 
The m a x b m  force  associated  with  the  controller w a s  about 4 pounds. 

A t  a Mach  number of 0.6 and a- a l t i tude  OF 10,000 feet ,   the maximum 
useble   l a te ra l   s t ick   sens i t iv i ty ,  in t he  opinion of the  pi lots ,  w a s  aboEt 
0.07 radian  per second of rolling  velocity  Fer  degree of lateral s t i ck  
deflection  with  the rate control system ad &bout l . O o  to ta l   a i le ron   per  
degree w i t h  the power control system. This was  w i t l z  a n a x b u m  s t ick  % b o w  
of 40' sLrld a m,.x2mzm s t i ck  force of about 4 pounds. 

A significant  reductio= of physical  effort  from that required. f o r  a 
conventionel  control  stick  resulted from use of the side-located  controller. 
The reduction in pilot   effor t   resul ted from the forces  being li&t m d  also 
Trom the  increased corn-ort associated with the m- rest .  

Lmgley  Aeronautical  Laboratory, 
National  Advisory Committee fo r  Aeronzutics, 

Lsngley Field, Va., December 12, 1956. 
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PILOTS ' QUESTIOPDWIRE 

NACA RM ~ 5 6 ~ 2 8 a  

Since  the  evaluation of the  side-located  controller w e s  based  almost 
ent i re ly  on pi lo ts '  op?nions, it was thought  desirable  to  include  the 
qiestionnaire which wzs mswered by most of the  pi lots  who flew  the air- 
p lme  equipped with  the  sise-located  controller  together  with  the  replies 
f ron eigM or" the   pi lots .  The qzestionnaire w e s  not  prepered in  t5me t o  
be  mswered by one A i r  Force t e s t   p i l o t  and the  industry  test   pilot .  

The questionxaire  with  the  replies of e ight   pi lots  i s  as Tollows: 

Questiomaire  for  Pllots Wno Fly t'ne NACA Airplme Equipped 

T 7 ' "  t.1 n the Side-Loczted Controller 

Give a brief  description of the flight l i s t ing   the  maneuvers performed 
and what flying WES done. 

1. Is the  side-located  controller  comfortable  to  use? What equipment 
was worn? (Gloves, Mae Vest,  etc. ) 

2. Are t h e  s t i ck  motiors  required na;tilral? 

j. \.:as Ynere any d i f f i ca l ty   i n  becoxing  eccustoned t o  *e controller 
all6 how long  did it take   to  becone accustomed t o  it? 

4. iIow w e s  %he s t ick  helE? Palni grip or Like a pencil? 

5. i.7ha.t tr Frn h-ob location or ranner  of  trimwing would  you th i rk  
desiraDle  for a controller of t h i s  ty-pe? 

6. Were the response  c'nzracteristics of the  airplane  satisfactoqy? 
I n  pitch?  In roll? L i s t  my  objections. 

7. Were the  control-stick  force and deflection  chzracterist ics 
satiafacto-? In pitch? 12 r o l l ?  L i s t  q v  objections such as the 
forces being  too  light or  too heavy. 

3. We-s the harrnory between the  longitudinal end la teral   control  
satfsfactoqy? L i s t  E S Z  objections. 

9. Did t h e  siCe-located  stick nake flying  easier? L- so, i n  your 
opLnion I s  t h i s  importent or s igni f icmt?  



10. Did you l ike  f lying with the  side-located  controller? 

11. L i s t  anything you do not  l ike about this side-located  con~roller 
or side-located  controllers in general. 

12. L i s t  any miscellmeous  thoughts you m.3- have  about  side-loczted 
controllers, such as advmtages or diszdvanteges as compared t o  conven- 
t ionsl   s t icks .  Also l i s t  any other  pertioent  observations or suggestions. 

hswers t o  mes t tomai re  

P i lo t  A: 
Orgmization: NACA 

Type of control system: Answers are besea on several flights with 
both  the  rate  automtic  control system and the irreversible power 
control system. 

Description of flight: Aerobatics - tracking - strafing - high- and 
low-speed maneuvers - landings and teke-offs, also rough air flight. 

1. Yes. G-suit,  crash hat (gloves - yes, Mae West - yes). 

2. Yes. 

3 .  Learning t5me was very  short - basic normal type flight was 
possible almost inxnediately. 

4. Like a pencil. 

5. ?resent  pitch trim is satisfs?ctory. R o l l  trim should be similar 
type  located n o m l   t o   p i t c h  trLQ and located so that it could 
be noved w i t ? ?  fingers  without  releasing  grip on controller. 

6. Yes.  Very g o d  response. No perceptible time legs i n  response. 

7. T'ne control  forces are on the light side of optimum but heavier 
sprtng would not be needed in pitch ES greetly as in roll, 
i .e.:  variation of force  with  deflection should. be greater 
in r o l l  than pitch due t o  physiologicel  factors. Those forces 
used were in acceptable rar-ge but not  necessarily optimm. 

8. Within tolerEble L i m i t s .  See mswer to No. 7. 

9. Easier  physically. Yes, a very inportant factor   in   long flight 
time  operations. 
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10. Yes. It is a natimal  trer,d  for  future high-performance eircraf t .  

11. It is  a goad s t a r t .  Other  configwztions of controllers  as a 
physical 1- between man end DEchine should be studied. 

12. !%e sic%e-located-co~%roller concep-l is a logical  trend where 
krreversible power control systems are t o  be use&.  Physio- 
logically it w i l l  allow: 

a. *The a i r m n   t o  be better secured in  his   seat  u?d t o   t h e  
a m  su9port. 

b. Less physical vork load for a sinilar flight using  the 
a m  and! center  stick  control. 

c. 3 t t e r   p o s s i b i l i t y  of designing a pressurized  er-vironnental 
control cEpsule which w i l l  afford rn easing of the  present  trend 
GI" ''King Artha" type full presswe  sui ts  anti therefore  ease  the 
psycnological b-mden attached t o  space f l ight .  

Too ~ i c h  eqhas i s  cannot be placed on the  operetional  aspect 
of Cesigning re l iab i l i ty   in to  e. fully  duplicate  systen - each 
of which mEy control  in  case of mlfunction. 

'Ibe fiiture  controller  should  evolve  into a device similar 
in  physical  appearance md  characterist ics  for a l l  t.ypes of 
a i rc raf t  zs long as we use rmn as par t  of the  control system. 

Pi lot  B: 
Organizet  ion : NACA 

Type of cor-trol system: Both r a t e  automatic  control system and 
irreversible power control system. 

Description of flight:  Clhibs,  glides,  turns, rolls. 

1. The side  controller w a s  very cceo r t ab le   t o  use. Equipment worn 
was gloves, i4ae Vest, seat-type  chute which did  not  interfere 
with  the  operation of tne side controller. 

2. The s t i ck  motions seem nzt-mal. 

3 .  Tcere vas no d i f f icu l ty  in  becoming accustomed to  the  operation. 
Mter  aboxt l i ve  xinukes of f l igh t ,  I beceme conI"ide??t of the 
control ler   to  do the  job. 

4. The s t ick  is held l i ke  a pencil. 

5.  The trim adjus-baen-lc should  not  be on the   s t ick  bxt rather be 
close enoil& so  that the  s t ick could be held arld the trim 
adjusted  with  the  fingers. 



6 .  Tne response  characteristics were pret ty  good but  there is too 
nuch drift  when flying st raight  and level. Above  10,OOO fee t  
the  control becomes a l i t t l e   s e n s i t i v e .  

7. The forces seem about right t o  me. 

8. The  hermony  seems ebout right t o  me. 
9. The position of the  control and the  ease of operation  are  excel- 

lent.  The good support of the arm r e s t  mskes control  very good 
even when under acceleration. 

10. Yes. 

11. %is instal la t ion is not  integrated  with the r e s t  of the  cockpit. 
It makes the system not as good as it could  be in a production 
airplane. 

12. The coctrol system must be f a i l   s a f e  axd should  be made so it 
w i l l  not  feed in any hard  over siwals. There must be an 
alternate or standby system t ha t  w i l l  switch ia automatically 
when the normal one fails. There also must be an indicator 
t o  show th i s   sh i f t .  

P i l o t  C: 
OrgmizEtion: NACA 

m e  of control system: Both rate   automtic   control  system and 
irreversible power control system. 

Description of flight: Maneuvers made in several   f l ights:   Pullups,  
slow and Ebrupt. T m s ,  in some cases t o  buffeting and CN maxi- 
mum. Simulated treckicg. Rolls, slow and abrupt, a l l  deflections, 
l inear  and nonlinear. Aileron and bar re l   ro l l s .  Landings i n  both 
servo and r a t e  modes, axd one teke-off  in servo mode. 

1. Yes. Gloves, Mee West, parachute,  crash  helmet, and mask. 

2. Yes. 

3. No grezt  difficulty.  Hzve t o  renind myself soaetirnes that I ' m  
not  just   resting  in an arm chafr. Would h k e  more flying  than 
I've done t o  cease  hzving t o  think  about what I'm doing  with 
the side-arm controller, at leas t  from time t o  time. 

4. Like e. pencil. 



18 

5. T r i m  wheels as for   pi tch for r o l l  and pitch both,  but  close t o  
s t ick  so  can be operated  with  fingers of same hand as on 
controller. 

6. Response O.K. in  pitch.   Prefer  l inear system i n  roll for  all-round 
use  with the  force  gsdients  existing  although  there is a 
tendency t o  be jerlqy for  maneuvers requiring small deflections. 

7. Satisfactory. A t  least I don't know what t o  do t o  improve it. 

8. I lmony  good. 

9. Effort  decreased and comfort  increased  considerably  over a period 
of tine, probably  coulti  be  very  important. 

10. Yes. 

11. If arm gets   t i red or injured can ' t   f ly  with  other as one could 
with  center  stick. Also not so convenient when handling 
chzrts and computers or making computations as  center  st ick 
unless  rate or at t i tude  s tabi l izat ion i s  included. 

12. Most accrrate  job of controlling  possible  with  finger  tips, if 
h m C  cevl be solidly  restes st the  base. This best accomplished, 
a l so   i f  doE't have t o  nove Fingers, hand, or wrist very fa r .  
Would sppear  that  perhaps a force-type  fi??ger-tip  controller 
or combination of displacenent end force  controller m i g h t  be 
optimw-. The side-arm  position  mkes it possible t o  f i x  and 
s t e d y  arx, wrist, aqd hand against  undesirable  forced motions. 

P i lo t  D :  
Organization:  Service 

Type of control system: Irreversible power control system  with 
conventional  rudder  control. 

Description of f l ight :  Two take-offs and landings were accoxplished 
on 25 July 1956 st Langley AFE, using  the  side-located  controller. 
I fomd the  entire  operation qLlite noma1 and was ab le   to  maneuver 
the  gircraf t  as desired. In  fact ,  on entering  the T-33 cockpit 
for the return flight  to  BaltbAore,  the  conventional  controls 
appeared  obsolete. 

1. Yes. Gloves, Mae West, etc . Only s m e r  flying  clothing was 
worn for the   f l ights .  

2. Yes. 



3. I egerienced no diTf icul ty   in  becon5ng accustmed  to  the con- 
t ro l l e r .  However, I have flown similar controls ia various 
types of a b c r a f t  over a period of several  yews. 

4. The s t ick  was held  like a pencil. 

5.  Perhaps a hand-grip-type  control, w i t h  the  conventional  trimmer 
on top of the  control, woizld be quite  eccegtable. I would 
suggest Ynat this   type of control  be  evaluated a t  eg early  date. 

6 .  %e response  characteristics were entirely  satisfactory,  wCth the 
possible  exception of excessive  st ick  travel which i s  required 
to   control   the   a i rcraf t  in pitch when ac twl ly   ro t a t ing   t he  
a7hcrzft  for  either  take-off o r  landing. 

7. The stick  forces Eppeared t o  be entirely  ecceptEble. Eowever, 
eveluztion  flights  with  slight7y  heavier  forces should be 
explored. 

8. The  harmony between A&e longitudinal & l a te ra l   cont ro l  zppeazed - t o  be entirely  satisfacto-ry. 

9. This is  a difficult   question t o  an-swer.  However, it was my 
impresscon that  the  control of the  aircraTt w e s  1101p?r21, w i t h  
the  possible  exception of a tendency to  not  coordinate rudder 
znd r o l l  control. 

10. Yes. 

11. A s  indicated in previous  questions, the side-located  controller 
evzluated in the NACA z i r c ra f t  w a s  considered  acceptable,  based 
upon the two short flights which I performed. Prior  to  reaching 
any definite  comlusions,   this  type of controller should be 
evzluated  u-der all conditions of flight (especially strong, 
gasty  cross-winds esld turbulen-l  conditions) and Ir f o m t i o n  
flight. 

12. The side cortroller  has %he definite  aEvmtage of a c l ea r   pme l  
fo r  instrment  .md in-terceptor flights. Also, it feci lFtates  
exergency  escape.  There  were no obvious objectiors  observed; 
however, more extensive flying is coasLdered desirable -under 
d l  conditions of flight t o   b r b g   o u t  any unsatisfactory  factors 
tha t  m y  be experiemed in  time. 
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Pi lo t  3: 
Orgznization:  Service 

m e  of control system:  Rate  .mtonatic  control system. 

1. Yes, the  side-located  controller was most coriortable  to  use.  
Persoml  equipnent used during the flight was gloves, Mae 
West, and surmer flight sui t .  

2. The stsclr  notions  required t o  accomplish the flight were natural  
i n  a l l  respects. A t  f i rs t  it seemed a l i t t l e   s t r v l g e   t o  
maneuver the  airplzne w i t h  a s t ick  not located i n  the  center 
of the  cockpit  but  this soon disappeared. 

3.  The t r m s i t i o n   t o  this type of controller was with a mLnhm of 
diff icul ty .  I became accustaTed to   the   cont ro l le r   in  approxi- 
nately 10 minxtes.  Thereafter a t  times I forgot I was using 
this unique  system 

4. The stick  controller was held somewhat l ike e. sl ight ly  mcx%ified 
pencil  grip. 

5. m-e locztion 8.116 type of pitch t r i r tmer  wzs very good, however, 
the  leteral  trimner  cannot be used without 6bandoning one's 
grip on the  st ick  controller.  When this is done the  possibil i ty 
exis ts  tinat the  controller nay be inzdvertently bumped. I would 
recormend a l e t e r a l   t r h m e r  similez to   t he   p i t ch  trimmer and 
located  to  the right and rear of t h e  control box. 

6. The flight  control  response  characteristics  of  the  airplane were 
adequste en6 setisfactory for  both  pitch md  roll. Both the 
l inear  m-d nonlinear system. tiere used for  laterel   control.  It 
is believed  that  both line- and nonlineer  systems  should be 
avallable  for  selection by the  pilot.  Possibly,  intermeaiate 
positions of linear  selection should be available. Due t o  
l a t e r a l  wellowing d u r h g  approach t o  landing, I preferred  the 
nonlinear system. During other  than power apzroach  configura- 
t i oa   f l i gh t  I preferred the l inear system. 

7. I object most strenuously to   the  lack of s t i c k   f e e l  during 1 g 
approach t o  stall. A re l iable  stell wwning  system is a -must 
unless saTe other  source of f e e l  i s  provided. I particularly 
liked  tke maneirvering stick  forces  gradient  bat I em concerned 
about  the  possibil i ty  that   the  airplane may be more easily 
overstressed. 



8. Control  stick hamony w a s  good and is considered t o  be  satisfactory. 

9. I do r o t  believe  that I have h d  enough experience on t h i s   s y s t m  
t o  definitely  say that it was easier t o  fly. The potent ia l  
a b i l i t y   t o  reduce pi lot   fa t igue is apparent in the  control  st ick 
steerfig because of the zy.m r e s t  E d  the  fact   that   the   aLzlane 
is flown by use of the  fingers on7ly.  The ease of flying is not 
as Tmportant a c r i te r ion  as the  space  saving  abilities of the 
side  controllers. 

10. Yes. 

11. The ann rest  prohibited  easy  access  to  the  right  console espew 
cial ly   s ince  the a*-conditioning controller in this   a i rplane 
requ.ires constant  ettention. 

12. This concept looks very  plausible t o  ne  especially  since L t  would 
be so compatible w i t h  capsules. The unirorm  response and auto- 
= t i c  trim (mh. trim chmges)  characteristics  are  definite 
advantages.  Since  control  stabilization is  now required h 
most airplan-es a d  extopilots  are  being used extensively, it 
is appment  that an autopilot   st ick  controller would shrplify 
and improve the  present  airplane  control systems. 

P i l o t  F: 
Organization:  Service 

Type o r  control systen?: Rate autoznatcc con t ro l   sys t a .  

Descrtption of flight: A 1.5 how rliglt was flm in- the  NACA air- 
plane by this pi lot   us i rg   the  ra te   control  system  with  the  side- 
located  control. lk general,  the flight consisted of followFrg 
the NACA recorn-endatiom and conducti-n-g tower5ng cumulus penetra- 
tions.  Actual  lmdings end take-offs were not conducted on t h i s  
f l ight .  

1. m e  side-located  controller i s  confortable t o  use. Gloves, 
Mae West, d surmer flight s u i t  were  worn. 

2. The s t i ck  motions required were quite natural and were not con- 
sidered awkward  in any directior.  

3 .  This p i l o t  becam accustomed to   the  control ler  for normal  aero- 
bat ic  ?light meneuvers within a few minutes. The controller 
WES used t o  control  the  aircraft  positively  during stall m e u -  
vers, rolls, znd fi- rlights through towering cumulus without 
difTiculty. Response w a s  positive and inmediate. 
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4. The s t ick  ES he15 soxewhzt l i ke  a pencil.  Pilot 's middle finger 
could cot be used  because of a s t i t ch   i n   t he  knuckle  but t h i s  
did not handicap  use of the  controller. 

5.  The general  concept and locetion of the  pitch t r i x m e r  seemed 
quite gocd.  Soxe refirxaents  could  probably be ride to   b r ing  
It s l ight ly  ir- better  reach of the  fingers while holding  the 
st ick  control.   me roll and yaw trinmer w a s  l i t t l e  more 
e,wkwzrd t o  use and should  be  reloczrted to   the   r igh t  of the 
controller. This would prevent  hzving t o  remove the hand fran 
the controller  an^ reach  inside t o  trim i n  yaw and roll. 

7. I'ne controller  stick  force and def lect ion  rz t io  were in  general 
qxite good. However, this pi lot   prefers  conpromising  between 
the  lir-ear and nonlinear  charecteristics. It was f e l t  that 
although the airplane w a s  very  responsive  using the l inear 
ra tes   that  the instrment   hadl ing  character is t ics  would be 
improved soamwhat  by slightly  nonlinear  scheduling. The con- 
t r o l  forces were certainly  not  too heavy and if any doubt 
exis ts  as t o   t h e i r  being  too light it could be Fncreased  sub- 
s tzn t ia l ly  wi+,3out 'oeconbg  too heavy. It was noted that the 
coctroller  evidently did not  properly  center  every time as a 
slight et t i tude d r i f t  would occasionally  occur when the con- 
t r o l l e r  was released at center. 

8. Longitmlinal er,d la teral   control  harmony appeared  sztisfactory. 

9. I d id  cot  consider  the  side-located  stick  substantially  different 
Erorn the  cecter  stick  for  ease of flying. However, t'nis is 
based on only 1.5 ho-xs of flight. It should  be  noted the t  in 
most contemporary airplanes  the  r ight knee and leg i s  used as 
an arm rest for  the  center-locsted  stick so fatigue is not a 
problex 2n either  location.  Considering  the  lsck  of  space 
SvailaSle on Yne average fighter  console,  addition of aa 
instal la t ion sixiler in   s i ze  requirements to   the  s ide  control ler  
2nd &m rest  tested  here would be prohibitive. The retracting 
WE r e s t  was considered  extremely awkwsrd to  continually  place 
::p md down  when operatiog  items used on the right-hand  console. 

10. Refer t o  mswer for KO. 9. 

11. Refer t o  annnsTn.er for !io. 9. 

12. Refer t o  ansver for  No. 9. 
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Pi lo t  G: 
Orgzniza-LFon : Service 

Type  of Coctrol System: Rate automatic  control system. 

Description of flight: The T l i g h t  WES nade on 30 August. A take- 
off was made ort the cormal control system and 8 s h i f t  was n&e 
t o  the rate  controller  while ClWDing through 10,000 feet .  Various 
mmecvers were d e  a t  30,000 Feet  using  both  the  position  stick 
(side  controller) and the force  stick.'  Air--to-air  tactic  with 
mot'ner f ighter  ami 811 other maneuvers within  the  usable lb i ts  
of the eirplvle were done at alt i tude.  A high Mach nmber  dive 
wzs done t o  10,000 f ee t  where the  high dyaamic pressure aad slow 
T l l g h t  end stall regines were explored. A normal l d i n g  w e s  lnaae 
using  the  force  stcck. 

1. Yes.  Surmer leather  flying  gloves (Navy)  and N a v y  Mae West. 

2. Yes, however, st ick  deflections seemed a little high 5n the  low 
speed r a g e .  

3 .  Very l i t t l e  i f  any - the greatest  objection was the lack or" 
force  feel. 

4. Like a pencil. 

5 .  Believe  the  opthum  stick  configuration would be shzped soxething 
l ike a p is to l   g r ip  md held in  the  hvld. With this, trimners 
could go on the stcck. Having t o  remove the hand or  f ingers 
*on t he   s t i ck   t o  trim is very  undesirable. 

6 .  Yes.  The rate type of response of sensing seem good. 

7. The controller  forces w e r e  not too light but the s t i ck  needed 
dawicg on return -Lo neutral.  Believe  the  deflections may be 
a l i t t l e  hi& per  unit   pitch and roll rz-te. 

8. Yes. 

9. Yes. Believe .=ny location  such 2s t h i s  is more natural  end less 
t i r i ag   t o   t he   p i lo t .  

10. Yes, very much. 

lA rigid  force-stick  controller was also  available f o r  use in  this 
flight. Comments on the force  stick  should be disregLrded. 



11 ard 12. No objections t o  side-located  controller  concept. How- 
ever,  believe  the  next  step  should be a pure  force 
st ick,  wit'n  no position  stability,  located as a side 
controller  the  st ick should be gr ip   s ize  so tZlat some 
force can be required to   ge t  response. An objection 
to  the  present errangement i s  that  the  forces  required 
t o  move  tine s t ick are very light because the   s t ick  was  
designed for finger-tip  operation.  This  has  the unde- 
sirable feature of allowing the p i l o t   t o  5ntroduce 
unintentional  signals  to  the  systex by just   the   acts  
of laying  hold  of, or l e t t i ng  go of the stick. 

I found the force  st ick  saperior  to the posit ion  st ick,  
which teads to   ver i fy  tine premise tha t  a p i lo t  seldom, 
if ever,  hows what posit ion  his  control  st ick is in; 
he is nostly sensi t ive  to   the  force that he is exerting 
on tne  st ick.  In flying  the  force  stick, I did  not miss 
s t ick  not ion  a t  all.  

The side-mounted posit ion  st ick showed  up badly when 
recovering from full stalls. In attempting to recover 
fro=  the  steep  dive  resulting from the stall,  a l l  feel 
for  the  plene seemed t o  be los t .  The stick  required 
brge  def lect ions w i t h  l i t t l e  response. Due t o  this, 
I w a s  very  conservetive on pullout,  having l i t t l e  f e e l  
and not  wanting to   s ta l l   the   p lane  on the recovery. 
With the  force  stick, I f e l t  I had much nore  control 
m d  -+eel  an6 was able t o  recover  with a minimum alti- 
tude lost. 

Pilot  H: 
Organization:  Service 

m e  of control  systerr:  Rate  automatic  control system. 

1. Yes, the  side-locat20  controller was comfortable t o  use. P i lo t  
equipment included a summer f lying  sui t ,   We West,  and gloves . 

2. Yes, stick  notions were mturzl. 

3.  It was surprisipgly  easy t o  becoxe zccustamed to  the  side-located 
corrtroller.   After  approxdtely 15 minutes of flying  with the 
controller  the  pilot  f e l t  very natursl  about rnmeuveriag the 
airplane in  simulated t m t f c z l  f l fgh t .  

1. ?"ne s t ick  w z s  held much l ike  a pencil. 
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5. Pitch trim i s  satisfactory 8s installed.  A similar ins ta l la t ion  
fo r   l a t e ra l  trim located  directly  a2t or" the   s t ick  would appear 
desirable. 

6. Response rates  of the  a i rplme were sEtisfactory u s k g  both  the 
l inear md non lhew  h t e ra l   con t ro l .  Response t o  both maximm 
pitch and wimm roll  puts was greater  than that which would 
be used tac t ice l ly  in- the  airplane. 

7. Controller  stick  force and def lect ion  c-macter is t ics  were satis- 
I'actory i n  both pitch znd r o l l .  The light I'orce/g gra&ient is 
considered  desirable. 

8. Control harmony  was  good f o r   l a t e r a l  and longitudinal  control. 

9. Since t h i s   p i l o t  has flown with  the  side  controller only one 
f l igh t ,  it carnot be seid that   f lying was easier; however, it 
is considered  that  after a few flights it would be easier -Go 
fly w i t h  the  side  controller %??an with  the  conventional  control 
stick.  Certainly  the  Tatigue during meuver5ng   f l i gh t  is 
greatly reduced usiag  the  side  coatroller. 

10. Yes, i n  general, I liked. f lying  the  side  controller.  
% 

11. Two possible  disadvantzges came to m i n d  when comidering side- 
located  controllers. The loczting of the  controller and arn 
r e s t  on the right console  presents a  problem  with  regard t o  
fiadi_ng room t o  relocate <le instrments  md  controls ~ormally 
located  there.  This  pilot,  during  tactical  zir-to-air maneu- 
vering,  frequently holds the  s t ick  with  the  lef t  hand and plzces 
the right hand OE the  whdshield bow t o  help  get  turned  farther 
around t o  Look t o   t h e   r e w  durir!!  a lef t   turn.   This  is especi- 
elly  applicable whet weming  a pressure  suit .  

12. !l%e side-located  controller would alleviate  the  sroblen of s t i ck  
stowage in airplanes  using  the downward ejection  seat .  
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'rlin_g : 
Span (with t i p  taaks).  f t  . . . . . . . . . . . . . . .  
~ p z n  (vithout, t i p   tmks ) .  ft, . . . . . . . . . . . . . .  
Area (without t i p  tanks). sa_ 3% . . . . . . . . . . . .  
AirToil  section . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  (without t i p  -iadks) . . . . . . . . . . . .  
Tager r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Incidence. de& . . . . . . . . . . . . . . . . . . . . .  
Dihedrzl. deg . . . . . . . . . . . . . . . . . . . . .  
Twist. deg . . . . . . . . . . . . . . . . . . . . . . .  
S'zeep  of 27-percent  chord line. deg . . . . . . . . . .  
Mea aerodynznic  chord (M.A.C.), in . . . . . . . . . .  
T o t a l  a i le roa  area. sq f t  . . . . . . . . . . . . . . .  
Aileron travel. deg . . . . . . . . . . . . . . . . . .  

. . 37.99 . . .  35.25 . . f 2 5 0  

. . .  4.97 . . .  0.46 . . .  0 . . .  4 . . .  0 . . .  0 

18.44 

lk down 

NACA 641~012 

. . .  m.45 

Horizontal T a i l :  
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.21 
Area (including elevator). sq f t  . . . . . . . . . . . . . . .  66.20 
Elevator mea. sq f t  . . . . . . . . . . . . . . . . . . . . .  19.20 
Elevator trevel. deg . . . . . . . . . . . . . . . . . . .  
T a i l  length.  25-percent M.A.C. of w73g to   e levz tor  

{1;2 

hinge line. T-L . . . . . . . . . . . . . . . . . . . . . . .  18.45 

Vertical  T a i l :  
Area. (not including dorsal   f in) .  sq f t  . . . . . . . . . . .  36.02 
R-dcier mea. sa_ ~ i ;  . . . . . . . . . . . . . . . . . . . . . .  8.54 
RudOer travel. deg . . . . . . . . . . . . . . . . . . . . . .  226 

Miscellaneous : 
Length (excluding nose boom). f t  . . . . . . . . . . . . . . .  38.13 
Weight. take-off ( t i p  tmks empty). lb . . . . . . . . . . . .  14. 460 
Cenker-of-gravity  position. take.of2. percent M.A.C. . . . . .  26.5 
Cezter-of-gr&.rLty position. ladm (1. OOO Yo fuel) .  

percent M.A.C. . . . . . . . . . . . . . . . . . . . . . . .  28.4 
Engine . . . . . . . . . . . . . . . . . . . . . . . . . . .  542-P-8 

. 



Figure 1. - Side view of airplane. 
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Figure 2. - Two-view d r e w i n g  of airplane. 



(3) View showing rnanner i n  which stick was held by pilots. ~911832.1 

Figure 3. - Photographs of side-located  controll.er . 
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(b) View showing pitch and roll trin conkrols. 

Figure 3. - Concluded. 

L-95755 
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Fore Aft Longitudinal  stick  deflection, deg * Z 
F 

(a) Light spring. 

Figure 4.- Variation of longitudinal st ick force with deflection fo r  two springs. Force is 
based on 2.75-inch moment ann. Iu P 
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IO 20 30 40 
Fore Longitudinal stick deflection, deg Aft 

(b) Heavy spring. 

Figure 4. - Concluded. 
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Left Lateral stick deflection, deg 

(a) Light spring. 
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30 

Figure ’j. - Vaziation of lateral stick force with  deflection f o r  two springs. Force  is based on 
2.75-inch moment arm. 
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(b) I h v y  sprhg. 

Figure 3.  - Concluded. 



Figure 6. - Block diagram of elevator or aileron  irreversible power control system. 
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Frequency, u, radians/sec 

(a) Elevator  system. 

Figure 7. - FreqEency responses of power control system. M = 0.6; 
hp = 10,000 feet. 
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Frequency, w, radions/sec 

(-3 ) Aileron system. 

Fi,-gure 7. - Concluacd. 
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UP.l[ p 
8, radianslsec 

Aft IO 

h p ,  deg 

0 2 4 6 
Time, sec 

( E L )  M = 0.6; 
hp = 30,000 ft. 

r 

0 2 4 6 
Time, sec 

(b) M = 0.6; 
hp = ll,OOO ft . 

. t P -  0 "I" 

0 2 4 6 
'rime, sec 

(c) Vi 150 knots; 
hp = 11,000 ft . 

Figure 8. - Time histories of rapid  pull-up with irreversible power control system. 
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F i g z e  9.- 

Lateral stick deflection, deg 

( E )  L i n e a  system. 
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Figure 10. - Photograph of head support used to restrain  pilot's head L-94830 
la terdly . 
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4, radms/sec 
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6, radlans/sec2 0 
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- 
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P, deg 0- 

Left t 
10 - 
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I I 
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Time, sec 

(a) v i  = 150 h o t s ;  
hp = 10,OOO ft. 

I I L 
1 
I 

0 k- 2 4 

Time, sec 

(b) ?1 = 0.6; 

L 
I 

i r  
0 2 4 

Time, sec 

( c )  M = 0.6; 

Figure 11.- The   h i s tor ies  of r o l l  response w i t h  i rreversible Power 
control system. 
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Fi 

40 30 20 IO 0 IO 20 30 40 
Left Lateral stick deflection,  deg Rqht 

.gme 12.- Vzu-Fa-Lion of total   ai leron  deflectiolz and rolling  velocity 
with  lateral   st ick  deTlection.  Irreversible power control  systen; 
14 = 0.6; hp = 10,000 fee t .  

M C A  - Langley Field, V.L. 
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