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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESElARCH MEMORANDUM 

FLIGHT TESTS OF A MAN STANDING ON A PLATFORM 

SWpOIiTED BY A TEETERING ROTOR 

By Paul R.  H i l l  and T .  L. Kennedy 

SUMMARY 

Because previous f l i g h t  t e s t s  of a m a n  standing on a jet-supported 
platform were very successful, a ser ies  of f l i g h t  t e s t s  were made t o  
determine the  f ly ing  qua l i t i e s  of a man standing on a platform supported 
by a t ee t e r ing  ro tor .  
by a i r  je ts  a t  t he  ro to r  t i p s  fed by hollow blades and a i r  hoses connected 
t o  an ex terna l  air supply. 
r o t o r  and with a spring-restrained rotor, and, as an a l t e rna te  asrange- 
ment, with the ro to r  and foot  platform iso la ted  from the  framework by 
rubber connections t o  reduce the ine r t i a  of the  moving p a r t s .  The machine 
was t e s t e d  indoors i n  hovering and i n  l imited t r ans l a t iona l  f l i g h t  and 
outdoors i n  l i g h t  and i n  strong gusty winds. 

The ro tor  w a s  7 f e e t  i n  diameter and w a s  driven 

The machine was t e s t e d  with a free- teeter ing 

T'ne s t a b i l i t y  and con t ro l l zb i l i t y  with the  spring-restrained ro tor  
were uniformly good. 
marginal, but, when an experienced f lyer  placed h i s  hands on a hand r a i l ,  
t he  s t a b i l i t y  and con t ro l l ab i l i t y  were good. The s t a b i l i t y  and control l -  
a b i l i t y  with the  rubber-isolated frame and spring-restrained tee te r ing  
ro to r  were very good and qui te  l i k e  the jet-supported platform. 

The s t a b i l i t y  with the  free- teeter ing ro to r  w a s  

INTRODUCTION 

Reference 1 describes a se r i e s  of experiments car r ied  out t o  inves t i -  
ga te  the  f e a s i b i l i t y  of the f r ee  f l i g h t  of an individual  standing and 
balancing on a th rus t  vector. I n  those experiments t he  th rus t  vector 
w a s  the  react ion of a supersonic a i r  j e t  which w a s  d i rected downward 
from a nozzle fastened on the  bottom of a s m a l l  board on which the  f l y e r  
stood. 
n a l  a i r  supply. 
and cont ro l  a jet-svpported platform i n  f r e e  flig!;t. 
e a s i l y  be controlled i n  both hovering and t r ans l a t iona l  f l i g h t .  

A i r  w a s  transported t o  t h i s  device by hoses connected t o  an exter- 
The pr inc ipa l  finding w a s  t h a t  a person can stand on 

This vehicle could 
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I The large amount of power required t o  support the weight of a man . 
~ ’‘ and machine by the  d i r e c t  act ion of a jet-propulsion device makes t h i s  

method one which i s  cost ly .  The generation of the required l i f t  by a 
ro tor  o r  propellers o f f e r s  a more economical method. 
real ized by the authors of reference 1 who devised the  t e s t  equipment 
of that  invest igat ion as the simplest possible means of invest igat ing 
the  balance pr inciple  involved. 
pr inciple  could then be applied t o  p r a c t i c a l  vehicles using any su i t ab le  
means of generating the  necessary l i f t ing  forces .  

This w a s  f u l l y  

I 

It seemed reasonable t h a t  t he  balance 

Uti l izat ion of t he  balance pr inc ip le  on p r a c t i c a l  rotor-driven 
machines introduced a number of addi t ional  questions t o  be answered. 
Would gyroscopic precession due t o  large angular momentum of ro t a t ing  
pa r t s  be excessive? 
q u a l i t i e s ?  What would be the  e f f ec t  on the ro to r  of forward speed o r  
gust iness? Would torque balance be a s igni f icant  problem? Would ground 
reaction be a s igni f icant  a id  i n  s t ab i l i z ing  a l t i t u d e  cont ro l  during . 

landing and take-off? 

Would the  greater mass improve o r  harm the  f ly ing  

The balance pr inc ip le  involved i s  explained i n  d e t a i l  i n  reference 1. 
If the machine i s  i n  t r i m  and has no ex terna l ly  applied moments, the  f l y e r  * 

controls the resu l tan t  t h rus t  vector with h i s  f e e t  so  t h a t  it passes 
through the  combined center of gravi ty .  If the  machine i s  out of t r i m ,  
the  f lye r  puts moments on the  machine with h i s  f e e t  t o  cause the  th rus t  
vector t o  create  r igh t ing  moments about the  center of grav i ty  as required.  
The balance pr inc ip le  depends i n  pa r t  on the  property of t he  l i f t -  
generating machine t o  tilt i n  about the same d i rec t ion  as t h a t  i n  which 
a control moment i s  applied. However, single-rotation ro to r s  or other  
ro ta t ing  machinery with a v e r t i c a l  axis of ro t a t ion  respond t o  an 
impressed moment by precessing i n  a d i rec t ion  a t  r i g h t  angles t o  the  
impressed moment. I n  reference 1 it w a s  shown t h a t  a gyroscopic momentum 
of a value corresponding t o  the  ro t a t ing  pa r t  of a su i tab le  reciprocat ing 
engine dr ive w a s  not of su f f i c i en t  magnitude t o  have a noticeable e f f ec t  
on balance. 
ro to r  might be of su f f i c i en t  magnitude t o  create  d i f f i c u l t y .  

However, the  much la rger  angular momentum of a supporting 

Two simple propel ler  o r  ro tor  systems t h a t  may be used t o  neut ra l ize  
the gyroscopic moment a re  : 
angular momentum i s  simply canceled, and (2) the  t ee t e r ing  ro to r  where 
the  rotor  rapidly follows the  foot-control plane by means of aerodynamic 
forces . 

(1) counterrotating propel lers ,  where the  

A large pressurized a i r  supply w a s  avai lable  t o  use as a power 
source. 
i n  the ro to r  t i p s  t o  give balanced torque made the  use of a t ee t e r ing  
ro to r  a t t r ac t ive ly  simple. I n  addition, t he  t ee t e r ing  ro to r  seemed w e l l  
sui ted f o r  research purposes, since by res t ra in ing  or locking the  ro to r  
a t  the tee te r ing  hinge, the  e f f ec t  of gyroscopic precessional moments on 
+“e f lying qua l i t i e s  could be determined. 

The use of such a supply i n  conjunction with a dr ive by air j e t s  
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A machine with a two-bladed teeter ing ro tor  w a s  b u i l t  and t e s t ed  
i n  hovering f l i g h t  and i n  l imited t rans la t iona l  motion a t  t h e  Langley 
P i l o t l e s s  Ai rcraf t  Research S ta t ion  a t  Wallops Island, Va .  The machine 
w a s  exceptionally simple i n  t h a t  no blade-control linkages of any kind, 
such as fo r  cyc l ic  o r  co l lec t ive  pitch,  were u t i l i zed .  

TEST VEHICLE 

The t e s t  vehicle i s  shown i n  figure 1. The l i f t i n g  element of t he  
vehicle w a s  a ro to r  of "-foot diameter and 7-inch chord. The tubular 
s t e e l  frame incorporated a cen t r a l ly  located s t e e l  platform 21  inches 
i n  diameter covered by a 14- by 28-inch piece of plywood on which the  
f l y e r  stood. 
of 10 inches t o  the  center l i n e  of the  rotor. It had some overhead tubu- 
lar framework including a r ing  surrounding the  f l y e r  t o  be used as a hand 
r a i l  and t o  provide some protection in  case of a hard landing or  other  
accident.  
a w i r e  screen t o  prevent accidental  contact of the  f l y e r  with the  r o t o r .  

The machine had four legs which provided a f loo r  clearance 

A s  a fur ther  precaution, the ro to r  w a s  completely covered by 

A drawing of t he  ro tor  i s  shown in f igure 2. The blades were b u i l t  
up with a S t r u  ( a  foamy p l a s t i c )  core which w a s  wrapped with layers  of 
Fiberglas impregnated with Paraplex P43 p l a s t i c .  
form taper  or t w i s t .  
sect ion.  However, the  blades are wrapped with more layers  of Fiberglas 
inboard of the  32-inch s ta t ion ,  causing t h e  blade t o  taper  i n  thickness 
from 23.5 percent chord at  the  9-inch s t a t ion  t o  15 percent chord a t  t he  
32-inch s t a t ion .  A 0.688-inch inside-diameter tube of Fiberglas impreg- 
nated with p l a s t i c  w a s  located a t  the  25-percent-chord s t a t i o n  t o  car ry  
air  t o  the  ro to r  t i p .  
a i r  t o  the  r ea r  t o  provide the driving torque. 
mass-balance the  blades about the  quarter chord. 

The blades had no plan- 
They a re  basical ly  of an NACA 65(216)413 a i r f o i l  

A t  the  t i p  a 90° elbow i n  the tube d i rec ted  the  
No attempt w a s  made t o  

The hollow s tee l  hub t o  which the blades were attached i s  shown i n  
It w a s  i n  the  form of a hollow yoke which surrounded and w a s  f igure 3 .  

pinned t o  a hollow ro ta t ing  shaf t  by hollow pins t o  permit t he  passage 
of the propulsion a i r .  
act ion of the blade. 
cen t r a l  spindle which w a s  perforated t o  permit the  passage of a i r  in to  
t h e  hollow ro ta t ing  r o t o r  shaf t  from whence the  air  passed through the  
pins,  i n t o  the yoke and through the  blades. A s o f t  l ea ther  seal w a s  used 
t o  seal against  the  leakage of air  between the  f ixed and ro t a t ing  shaf t s .  
The ro t a t ing  shaf t  w a s  ball-bearing mounted. 

These pins formed the  pivot fo r  t he  t ee t e r ing  
The propulsion a i r  entered downward through a f ixed 

Two adjustable s top  bo l t s  used t o  l i m i t  t he  degree of ro to r  t ee t e r ing  
Their purpose w a s  t o  prevent the  ro to r  from can be seen i n  f igure  3.  

s t r i k i n g  or rubbing the frame. By extending these bol t s  t o  one l imi t ing  
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posit ion +he tee te r ing  act ion was completely prevented and the  ro to r  and 
hub becmc  as a s ingle  r i g i d  piece. 
able lugs t o  the  ro tor ,  a pa i r  of springs were connected between the  
t e e t -  .'ng blade and the  ro ta t ing  shaf t  t o  create  a spring r e s t r a i n t .  
The springs used can be seen i n  f igure 4. 
r e s t r a i n t  with t h i s  spring i n  posi t ion gave a spring constant of 
2.72 pound-feet per degree def lect ion.  

By adding a small c o l l a r  and s u i t -  

A ca l ibra t ion  o f  the t ee t e r ing  

The tes t  vehicle, which w a s  designed with l i t t l e  attempt t o  make 
it l igh t ,  weighed 140 pounds. 
above the s t e e l  disk of the  platform. The moment of i n e r t i a  of t he  com- 
p le te  vehicle about a horizontal  axis  through the  center of grav i ty  w a s  
20 slug-feet2. 
axis  i s  0.55 slug-foot2. 

I t s  center of grav i ty  w a s  located 9 inches 
2 

The moment of i n e r t i a  of the  ro to r  about t he  tee te r ing  

In  order t o  f ind  the  e f f ec t  of reducing the  i n e r t i a  of the  machine, 
an a l te rna te  configuration arrangement w a s  obtained by at taching the  
ro tor  mounting flange r i g i d l y  t o  the  foot-control board by long through 
bo l t s  which passed f r ee ly  through oversize holes i n  the  cen t r a l  s t e e l  
d i sk  o f  the  frame. Attachment of the  ro to r  and foot  board t o  the  frame 
w a s  accomplished simply by inser t ing  a 1-inch sheet of sponge rubber 
between t h e  plywood board and s t e e l  disk and a 1/2-inch piece of gum 
rubber between the rotor-hub flange and the  under s ide of the  s t e e l  disk.  
The arrangement resembled a "shock mounting." 
i s  shown i n  f igure 5 .  It permitted quick- or short-period control  motions 
since the  high-inertia pa r t  of the machine d id  not have t o  be moved when 
a control force w a s  applied. The rubber gave the  foot  board a spring 
constant of  23 pound-feet per degree. 
w a s  used with t h i s  arrangement. 

A view of the  underside 

The rotor- teeter ing spring r e s t r a i n t  

In a l l  cases air  w a s  brought t o  the vehicle from a 2~,000-cubic-foot, 
200-pound-per-square-inch compressed-air tank through a 3-inch control  
valve, 1--inch piping, a t e e  connection, two 1-inch f l ex ib l e  rubber hoses 

of equal length, and a t e e  connector a t  the  hollow spindle, as indicated 
i n  figures 6 and 7.  
a i r  hoses t o  prevent unbalanced hose forces .  

1 
2 

A i r  w a s  introduced through two symmetrically arranged 

In  order t o  balance the  torque react ion of t he  bearings and seal ,  
1/8-inch copper tubes car r ied  a i r  t o  two diametr ical ly  opposite points 
of the vehicle where t h e  open ends of the tube were pointed i n  the  direc- 
t i o n  opposite t o  the  d i rec t ion  of ro t a t ion  of the  ro to r .  A s m a l l  valve 
controll ing the flow t o  t h i s  l i n e  w a s  located a t  the  f l y e r ' s  r i g h t  hip.  

The f lye r  was provided with a sa fe ty  harness consis t ing of a para- 
chute harness attached a t  i t s  shroud-line attachment points  t o  rope sus- 
pension l i nes  leading t o  an overhead r ing .  Four ropes attached t o  four 
points on the  periphery of the  c i r cu la r  tube surrounding t h e  f lye r  a l so  
l e d  t o  the overhead r ing .  Toe s t raps  located the  f l y e r ' s  f e e t .  
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TESTS 

5 

Two f l y e r s  conducted the t e s t s ,  and w i l l  be re fer red  t o  as f lye r s  I 
and 11. These f l y e r s  were f lye r s  B and C i n  reference 1. Consequently, 
they both had experience f ly ing  on a jet-supported platform before the  
present t e s t s  were i n i t i a t e d .  Flyer I weighs 175 pounds and i s  45 years 
old.  Flyer I1 weighs 135 pounds and i s  28 years old.  

Tests were performed inside a building t o  obtain control led condi- 
t ions ,  and were made out of doors t o  determine the e f f e c t s  of wind. 

The dimensions of the  building enclosure a re  shown i n  f igure 6. I n  
t he  indoor t e s t s  the  f l y e r  and machine were located a t  the center of the  
enclosure while three t e s t  operators were located on a balcony. The a i r  
t h r o t t l e  w a s  controlled by t h e  f i r s t  operator.  An overhead ho i s t  w a s  
control led by a second operator t o  adjust  the  s lack i n  the  safe ty  l i n e  
during f l i g h t ,  and i n  ce r t a in  cases t o  l i f t  t he  vehicle t o  the desired 
s t a r t i n g  a l t i t u d e .  A movie camera covering the  f l i g h t  w a s  remotely con- 
t r o l l e d  by a t h i r d  operator. 

Rotor speeds were measured during some of the t e s t s  by s e t t i n g  a 
microphone near the  t e s t  vehicle.  The microphone w a s  connected t o  an 
oscil loscope which indicated the rotor-blade frequency. With f l y e r  I 
on t h e  vehicle, the  ro to r  speeds varied from 1300 t o  1500 rpm from take- 
of f  t o  3 f e e t  elevation. With f lye r  I1 on the  vehicle, t he  ro tor  speed 
w a s  varied from 1200 t o  1400 rprn. Elevations r e f e r  t o  the height of t he  
f e e t  of the vehicle above the  f loor .  

Indoor t e s t s  t o  determine f lying qua l i t i e s  were performed from 
about 0 t o  3 f e e t  elevation with t h e  ro to r  tee te r ing .  Tests from 0 t o  
6 f e e t  e levat ion were performed with springs incorporated t o  r e s t r a i n  
the  r o t o r  about t he  t ee t e r ing  axis .  
i n s t a l l ed ,  such t r ans l a t iona l  t e s t s  as were permitted by the  safe ty  l i n e s  
were made. Tests from 0 t o  3 f e e t  were performed with the  t ee t e r ing  ax is  
lodked. 
then f l y e r  11. 
were shorter  and some were as long as 15 minutes. 

With the  tee te r - res t ra in ing  springs 

I n  the  above t r i a l s  the f lyers  generally a l te rna ted  - f l y e r  I, 
Fl ight  duration was usual ly  5 t o  10 minutes, although some 

Out-of-door f l i g h t  t e s t s  were made using an overhead horizontal  
cable, o r  high wire, about 20 f ee t  above ground l e v e l  as a safe ty  l i n e  
attachment. 
ments t o  t h e  overhead cable. Anemometer records of t he  wind ve loc i ty  
encountered during the 4 days of outdoor t e s t i n g  a re  given i n  f igure  8. 
On t h e  f i r s t  day, f l i g h t s  l a s t ing  about an hour a t  from 2 t o  6 f e e t  eleva- 
t i o n  were made with the f l y e r ' s  back t o  l i g h t  winds which varied from 4 
t o  8 miles per hour. The following day two f l i g h t s  t o t a l ing  25 minutes 

The a i r  supply hoses were p a r t i a l l y  supported by rope at tach-  
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were made at from 2 t o  8 f e e t  e levat ion facing in to  strong 8-to-31 mile- 
per-hour winds created by the  passing of a cold f ron t .  
approached i n  an unobstructed sweep over severa l  miles of marshland. 

On the t h i r d  day f l i g h t s  were made i n  order t o  compare again the  

The winds 

r e l a t i v e  m e r i t s  o f  f ly ing  with and without r o t o r  spr ing r e s t r a i n t s  a f t e r  
considerable experience i n  f ly ing  had been obtained. These f l i g h t s  were 
made a t  elevations of 2 t o  7 f e e t  i n  l i g h t  winds. 

8! 

On the fourth day f l i g h t s  were made with the sponge-rubber-mounted 
platform and ro to r  t o  determine the  f ly ing  q u a l i t i e s  of a machine with 
a low response time t o  a given foot  control .  
2 t o  8 fee t  i n  gusty winds as shown i n  f igure  8(d) .  

F l igh ts  were made from 

RESULTS AND DISCUSSION 

Indoor F l igh ts  

Freely tee te r ing  ro tor . -  During i n i t i a l  f l i g h t  t r i a l s  with the ro to r  
tee te r ing  it w a s  noticed tha t ,  as soon as the  f e e t  of t he  vehicle c leared 
the  ground the vehicle w a s  qu i te  steady, as though it possessed some form 
of s t a b i l i t y .  This e f f e c t  w a s  more pronounced when the  ro to r  w a s  locked 
t o  prevent tee te r ing ,  as could e a s i l y  be judged from the  f a c t  t h a t  a con- 
s iderable  s h i f t  in  the  f l y e r ' s  body posi t ion,  while causing a t r a n s l a t i o n a l  
motion, would cause l i t t l e  t i l t i n g  of the  vehicle .  During t h i s  condition, 
with the  f e e t  less than 6 inches above the  ground, the r o t o r  i s  less than 
two blade chords above the  ground. This e f f e c t  disappeared rap id ly  with 
a l t i t u d e .  It w a s  noticed a l so  t h a t  i n  quiet  a i r  with a given t h r o t t l e  
s e t t i n g  the ground e f f e c t  s t ab i l i zed  the  a l t i t u d e  of the  machine. 

- 

During i n i t i a l  f l i g h t  t r i a l s  it w a s  noticed t h a t  t he  unbalanced 
torque on the  vehicle w a s  apparently qui te  small. 
neut ra l ize  the  torque by an adjustment of the valve provided f o r  t h a t  
purpose. 

The f l y e r  could r ead i ly  

When the  f l i g h t  e levat ion w a s  r a i sed  t o  approximately 1 foot  with a 
t ee t e r ing  ro tor ,  the existence of considerable hor izonta l  gust iness  w a s  
noticed. 
and d is turb  the balance. Under these circumstances the  f l y e r s  seemed 
prone t o  overcontrol and continue cyc l ic  o sc i l l a t ions .  The gust iness  
appeared t o  be an in te rac t ion  between t h e  machine and t h e  building; any 
cont ro l  motion of the  vehicle ( t i l t i n g )  would send the r o t o r  w a k e  more 
i n  one direct ion than i n  others .  
w a l l s ,  the p i l o t  and machine soon were subjected t o  a d r a f t  l i k e  a sudden 
horizontal  wind .  Opening the  windows and door admitted a l i g h t  breeze 
and appeared t o  diminish the gustiness t o  some exten t .  

Such gusts  would raise the  l e v e l  of the  vehicle  by 3 t o  6 inches 

Presumably because of t he  building 
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A t  a t e s t  a l t i t u d e  of  3 f ee t ,  the gusty disturbances had p a r t i a l l y  
disappeared. Any t i l t i n g  motions of the  machine appeared t o  be due t o  
p i l o t  act ion only. 
s l i g h t l y  noticeable on the hands and face, which w a s  not noticeable at  
lower a l t i t u d e .  Under these circumstances the  r i d e  would a t  most t i m e s  
be characterized by overcontrol and insuf f ic ien t  damping as evidenced 
by cycl ic  o sc i l l a t ions  of perhaps +20 t o  4O. 
of both p i l o t s ,  at the time, t ha t  the r i d e  was marginal. 

The r i d e  was characterized by a steady downdraft, 

It w a s  therefore  the opinion 

Spring-restrained rotor.-  By the introduction of a ro to r  spring 
r e s t r a i n t  about the t ee t e r ing  axis, it i s  possible t o  introduce a r e s i s t -  
ance t o  angular def lect ions of the platform. It w a s  reasoned t h a t  some 
res i s tance  t o  angular motion of the  platform i n  any given control  direc-  
t i o n  would introduce a benef ic ia l  "feel" t o  the platform. 
the  ro to r  motion would lag  the  platform motion, the  spring r e s t r a i n t  
should introduce damping t o  the  platform. 

Also, s ince 

The mechanical springs were in s t a l l ed  and f l i g h t s  were made t o  and 
a t  about I 2  t o  18 inches. 
en t  and the  balance of the vehicle under this  condition r e su l t ed  i n  con- 
s iderable  physical  e f f o r t  on the part  of t he  f l y e r .  When a hor izonta l  
gust  would s t r i k e  the  machine the f lyer  would give a sharp cont ro l  motion 
t o  counteract the s ide dr i f t  so introduced and severa l  cyc l ic  o s c i l l a -  
t i ons  with a maximum amplitude of about 3 O  would follow. 
of prac t ice  w a s  required t o  learn  t o  damp such disturbances out  i n  about 
1/2 t o  1 cycle. It w a s  discovered a t  the  same time t h a t  the e f f o r t  t o  
hold the machine a t  a given spot under gusty conditions was i n  large 
measure contributing t o  the  osc i l l a t ions .  When the  machine w a s  allowed 
t o  drift  a few f e e t  the  r i d e  became qui te  smooth. Following th i s  lead, 
t r a n s l a t i o n a l  f l i g h t s  a t  the same a l t i t ude  were made back and f o r t h  i n  
random di rec t ions  with barely discernible osc i l l a t ions .  When the  r i d e  
smoothed out the  gustiness died down also,  r e su l t i ng  i n  a pleasing r ide .  

The gustiness a t  t h i s  e levat ion w a s  s t i l l  pres- 

About 20 minutes 

Flyer I flew the  machine with rotor  spring r e s t r a i n t  a t  3- and 4-foot 
e levat ions f o r  15 minutes followed by a descent and smooth landing. 
F l igh t  at  these elevat ions w a s  again characterized by a lack of gust iness  
and by a steady downdraft of air not f e l t  a t  lower a l t i t u d e s .  
the  f l i g h t  so easy t o  make a t  the 3- and 4-foot l eve l s  t h a t  it did  not 
require  h i s  a t ten t ion .  He noticed a strong resemblance between t h i s  r i d e  
and the  r i d e  on the  jet-supported platform which required no mental e f f o r t .  
Flyer I1 flew the machine a t  3- t o  4-foot leve ls  f o r  about 10 minutes and 
descended. Flyer I1 reverted t o  some overcontrol by ankle movements i n  
the fore-and-aft d i rec t ion  as soon as he arr ived at  the 3- t o  4-foot 
l e v e l s .  The 
p ic tures  i n  f igures  7(a)  and (b)  show f lye r s  I and I1 under the  above- 
described f l i g h t  conditions. Each f l y e r  then made f l i g h t s  from 0- t o  
&foot elevations and back down, slowly moving over the elevat ion range 
involved while maintaining the  vehicle i n  the same l a t e r a l  locat ion.  

He found 

After 2 or  3 minutes t h i s  tendency seemed t o  be mastered. 
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A 

It was now evident t h a t  s a t i s f ac to ry  hovering f l i g h t  on a propel ler-  
supported platform had been made using the  same balance pr inc ip les  as 
were used on the  jet-supported platform. 

Rotor locked.- Some f l i g h t s  made by f l y e r  I with the  r o t o r  locked 
were very d i f f e ren t .  The vehicle would r ise uneventfully with gradually 
opening t h r o t t l e  t o  a foot  o r  more i n  a l t i t u d e .  
stood s t i l l  and no pa r t i cu la r  gusty disturbance influenced the  vehicle, 
nothing happened. However, i f  the  f l y e r  introduced a disturbance, say, 
by leaning s l igh t ly ,  the  vehicle would go in to  a mild counterclockwise 
( the  rotor  w a s  turning clockwise) precessionalmotion which w a s  not 
unpleasant i f  the  f l y e r  would remain standing perpendicular t o  the  machine, 
going along fo r  t he  r i d e .  The motion w a s  l i k e  t h a t  of a top  t h a t  leans 
and w a l k s  i n  a c i r c l e  as it spins .  The p o s s i b i l i t y  of t h i s  r e s u l t  had 
been ant ic ipated.  
thinking, by leaning against  the  d i rec t ion  of t he  t r a n s l a t i o n a l  motion, 
t he  degree of tilt and speed of t he  motion would increase.  However, by 
leaning r ad ia l ly  outward, mild precessional motions could be s t a r t e d  and 
stopped. One other  per t inent  point  w a s  noted; namely, t ha t ,  i f  a sub- 
s t a n t i a l  control  moment w a s  ins t iga ted  by the operator,  t he  vehicle  had 
a d i s t i n c t  and even powerful res i s tance  t o  the  motion. If a s t rong con- 
t r o l  motion w a s  used, annoying ro to r  vibrat ions were set up. 

As  long as the  p i l o t  

I f  the  f l y e r  reacted t o  s top  the  motion without 

The pr inc ipa l  information which w a s  obtained concerning the  locked 
ro to r  was: (1) the  response t o  cont ro l  moments w a s  s u f f i c i e n t l y  out of 
d i r ec t iona l  phase t o  t h e  cont ro l  moments t o  require  a d i f f e ren t  type of 
cont ro l  than t h a t  reduired by a t ee t e r ing  ro to r  o r  by a jet-supported 
platform; essent ia l ly ,  the  controls  were crossed, and (2)  t he  vehicle  had 
powerful res i s tance  t o  control..  The response r a t e  t o  a given applied 
moment was slow compared t o  the  case with the t ee t e r ing  r o t o r .  

Possibly the  necessary method of control  could be learned i n  a 
reasonable length of time, pa r t i cu la r ly  since the  response r a t e  w a s  slowed 
down. I n  Fact, a beginning i n  t h i s  d i rec t ion  had been made. It w a s  
bel ieved unwise, because of the p o s s i b i l i t y  of developing conf l ic t ing  
habi ts ,  t o  continue with schemes requir ing d i f f e ren t  systems of control .  
Experiments with the  locked ro to r  were therefore  discontinued. 

Outdoor F l igh ts  

Spring-restrained rotor.-  It appeared des i rab le  t o  check the  r e s u l t s  
obtained indoors under more r e a l i s t i c  f l i g h t  conditions.  F l igh t s  were 
therefore  continued out of doors. 
with a spring-restrained ro to r  a t  e levat ions from 1 t o  6 f e e t .  
w a s  m i l d ,  v q y i n g  from 4 t o  8 miles per hour, as shown i n  f igure  8(a) .  
Horizontal gusts  caused the machine t o  have a mild v e r t i c a l  o s c i l l a t i o n  
of about 6 t o  10 inches depending on t h e i r  s t rength.  
l a t i o n s  set  up did not seem excessive. Osc i l la t ions  seemed t o  be damped 

On t h e  f i r s t  day f l i g h t s  were made 
The wind 

The d r i f t  and osc i l -  
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out i n  about 1/2 cycle, while t he  d r i f t  w a s  usual ly  about 1 foot  and a t  
the  most 2 f e e t .  There seemed t o  be a l i t t l e  greater  ease of f ly ing  a t  
the  5- t o  6-foot leve ls  than a t  the 1- t o  2-foot leve ls ,  but the  a i r  d id  
not seem pa r t i cu la r ly  gusty a t  the  lower leve ls  as it had indoors. 
Observers thought the  r ides  appeared about equally smooth a t  a l l  a l t i t u d e s .  
There w a s  a tendency f o r  the  f l y e r  t o  be tense a t  the  beginnyng of t he  
f l i g h t ,  holding h i s  feet and ankles r igid,  but he would be relaxed by 
the  end of the  f l i g h t ,  and not tired. During these f l i g h t s  it w a s  c l ea r  
t h a t  when the  ro to r  plane t i l t e d  as a r e s u l t  of a change i n  wind ve loc i ty  
the  springs transmitted the  tilt t o  the platform. This acted as a s igna l  
t h a t  a correct ion w a s  required. 
before any appreciable d r i f t  b u i l t  up. 

A control force could then be applied 

On the  morning of the  second day, f l i g h t s  were made facing in to  the  
strong, gusty 8- t o  31-mile-per-hour winds recorded i n  f igure 8 (b ) .  The 
wind d i rec t ion  varied from s t r a igh t  ahead t o  4 5 O  t o  the  r i g h t  of ahead. 
F l igh ts  from about 2 t o  7 f e e t  were made, hovering within about a 2-foot 
radius .  The 
p r inc ipa l  thing noticed by the  f l y e r  was t h a t  more weight w a s  ca r r ied  on 
the  toes  than i n  s t i l l  a i r .  
gust  would s t r ike ,  l i f t i n g  the  f ront  o f  the  platform. 
w a s  airborne he sh i f t ed  h i s  f e e t  about 1/2 inch forward, which resu l ted  
i n  a reduced e f f o r t  t o  maintain balance and posi t ion control .  Apparently 
the  t i l t i n g  of t he  ro tor  plane re la t ive  t o  the  platform plane by the  wind 
ve loc i ty  transmitted a moment t o  the  f l y e r ' s  f e e t  t h a t  w a s  equivalent t o  
a s m a l l  forward s h i f t  i n  center of l i f t .  The t i l t i n g  of t he  ro tor  plane 
w a s  v i s ib l e  t o  observers a t  low ro tor  rpm, while the  ro to r  was being 
brought up t o  speed. A picture  sequence from t h i s  f l i g h t  i s  shown i n  
f igure  9 showing one of the la rger  disturbances and the  subsequent motion 
a t  0.375-second in te rva ls .  Most of the balance w a s  maintained with a 
fa i r  degree of ease. Up t o  about 2 fee t ,  changes i n  elevation were 
observed a t  a constant t h r o t t l e  se t t ing  due t o  changes i n  the  s t rength 
of the  wind. The s h i f t  i n  wind direct ion had no apparent adverse e f f e c t  
on the  ease of balance and control.  

Most disturbances were damped out i n  about 1/2 t o  1 cycle. 

This was pa r t i cu la r ly  t r u e  when a strong 
While the f l y e r  

Free t ee t e r ing  rotor.-  On the  t h i r d  day, f l i g h t s  were made by 
f lye r s  I and I1 t o  compare the  flying qua l i t i e s  with and without spring 
r e s t r a i n t  on the  ro to r .  Without spring r e s t r a i n t ,  the  r ides  were char- 
ac te r ized  by large body control  motions and i n  some instances by undamped 
cyc l ic  o sc i l l a t ions .  
i n s t a l l e d .  
a f t e r  a disturbance and introducing some damping. 

The r ides  were uniformly good with the  springs 
Apparently the  springs were reducing the  f l y e r ' s  time lag  

A f l i g h t  without springs using the hands on the hand r a i l  w a s  made 
by f l y e r  I .  This arrangement improved the  con t ro l l ab i l i t y  grea t ly .  Sa t i s -  
f ac to ry  t rans la t ions  were made i n  random di rec t ions .  The f l y e r ' s  hands 
were used both as an a s s i s t  t o  primary control  i n  t h e  act ion of sh i f t i ng  
the  body posi t ion and as dampers t o  the r e l a t i v e  motion between the  frame 
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and the  i ' lyer ' s  body. 
about a 2-second period introduced by pul l ing s t rongly with a l t e rna te  
hands could be stopped i n  1 t o  2 cycles.  No ro to r  vibrat ions were f e l t .  

Strong l a t e r a l  o sc i l l a t ions  of perhaps 10' with 

Rubber-mounted ro to r  hub.- On the fourth day, f l y e r  I flew using 
the  a l t e rna te  configuration which had the sponge-rubber mounting and 
rotor- teeter ing springs in s t a l l ed .  The wind ve loc i ty  shown i n  f igure  8(d) 
w a s  generally from the  front ,  although observation of t he  anemometer 
wind-direction indicator  showed changes i n  d i r ec t ion  up t o  60 degrees 
per  second. A continuous half-hour f l i g h t  included t r ans l a t ions ,  with 
hands on and of f  the  r a i l .  With hands off  the  ra i l ,  the  frame would 
follow the foot  platform t o  some extent  during a cont ro l  motion with the  
f e e t .  With hands holding the  r a i l ,  even l i gh t ly ,  any motion between the  
f l y e r ' s  body and the  frame w a s  el iminated. The r i d e  with hands on the  
ra i l  w a s  therefore  somewhat preferred.  A s t rong resemblance t o  f l i g h t  
on the low-inertia jet-supported platform was evident.  Control motions 
were both easy and quick and pos i t ion  control  good. 
turbances were s m a l l  i n  s p i t e  of rough a i r .  The f l y e r  d id  not t i r e .  
Considering the roughness of the  air, t h i s  machine w a s  the  e a s i e s t  t o  
f l y .  Observers agreed the  r i d e  looked very well-controlled. This f l i g h t  
shows t h a t  the foot-platform cont ro l  pr inc ip le  i s  not necessar i ly  l imited 
by the i n e r t i a  of a v e r t i c a l l y  r i s i n g  a i r c r a f t ,  but, i f  a cont ro l  system 
i s  provided, i s  l imited only by the  cont ro l  forces  required by the  
controls.  

Flyer-platform dis -  

Balance Techniques 

Standing on a propeller-supported platform and standing on a j e t -  
supported platform are  both examples of a general  c lass  of vehicle i n  
which the  balance pr inc ip le  i s  t h a t  of standing on a t h r u s t  vector .  With 
t h e  experience of the present authors i n  f ly ing  both t h e  above types, it 
seems i n  order t o  compare t h e i r  cha rac t e r i s t i c s  and t o  discuss  the  tech- 
niques of balance. 

The basic condition f o r  balance, i n  the  absence of aerodynamic forces  
other  than thrus t ,  i s  f o r  t he  t h r u s t  axis t o  pass through the  combined 
center of grav i ty  of the vehicle and r i d e r .  If the vehicle i s  balanced, 
as has been approximately the  case of the  vehicles flown t o  date,  the  
th rus t  axis passes through the  center  of grav i ty  of t he  vehicle .  To 
s a t i s f y  the basic condition f o r  balance, then, requires  t h a t  t he  t h r u s t  
axis pass through the  center of grav i ty  of the f l y e r .  If due t o  aero- 
dynamic disturbances or  movements of t he  f l y e r  some unwanted posi t ion 
occurs, a r igh t ing  moment may be s e t  up by an ac t ion  similar t o  standing . 

on a l e v e l  f l oo r .  I f  a man standing on a f loo r  i s  leaning, he presses 
on the f loor  with h i s  f e e t  i n  a manner t o  br ing him v e r t i c a l .  If  a f l y e r  
and vector-supported platform a re  leaning the  na tu ra l  inc l ina t ion  of the  
f l y e r  i s  t o  press on the  low side of the  platform t o  br ing himself t o  a 
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v e r t i c a l  posi t ion.  The moments so created r o t a t e  t he  f l y e r  i n  the proper 
direct ion.  
t he  th rus t  vector t o  create  an additional moment i n  the  proper d i rec t ion .  
The addi t ional  moment created by the movement of the platform can be 
powerful. 
platform, e i t h e r  with low or high iner t ia ,  is  t o  make small cont ro l  
motions t o  prevent overcontrol and an accompanying angular momentum 
buildup of t he  platform and f lye r .  
magnitude or duration of the control  motions. 
numerous times that  the  f l y e r  does not need t o  understand the  balance 
pr inciples  t o  f l y .  
t i v e l y  the  same as standing on the  ground. 
a vector-supported platform generally requires smaller o r  shorter-duration 
control  forces fo r  t he  reasons given above. 

The platform ro ta t e s  i n  t h e  opposite d i rec t ion  and swings 

The f irst  thing the f lye r  learns i n  ge t t ing  the  f e e l  of the 

To do t h i s  he can e i t h e r  l i m i t  the  
It has been demonstrated 

T h i s  i s  due t o  the  fac t  t h a t  the  act ion i s  qual i ta-  
Quantitatively, standing on 

When overcontrol has been observed, it has been observed i n  the  fore  
and a f t  direct ions;  very seldom i n  the l a t e r a l  direct ion.  
taken w i t h  the  f e e t  several  inches apart and the  f l y e r  has very posi t ive 
control  over h i s  lateral  center-of-gravity posi t ion.  I f  cyc l ic  o sc i l l a -  
t i ons  i n  the  fore  and a f t  direct ions occur, they occur i n  conjunction 
w i t h  bending motions of t he  ankle. 
supported platform i n  calm air ,  o r  on a low-inertia jet-supported p la t -  
form i n  any air ,  they a re  probably due t o  insuf f ic ien t  experience. 
ever, i f  a large disturbance i s  encountered i n  the fore  and a f t  direc-  
t ions  on a la rge- iner t ia  platform, the f l y e r  i s  obliged t o  respond with 
a subs tan t ia l  control  motion, and it i s  then more d i f f i c u l t  t o  give the  
needed control,  by the "ankle torque" technique j u s t  described, without 
applying it too long. 

A stance i s  

If  these occur excessively on a ro tor -  

How- 

I n  d i s t inc t ion  from the above-described method of balance, a valu- 
able  var ia t ion  of the  balance technique corresponds t o  the  act ion any 
s m a l l  boy or g i r l  learns  i n  walking on curbings or tha t  i s  used by any 
person standing i n  a place with a narrow footing on which t o  brace the  
f e e t .  It consis ts  of a s l i g h t  bending of the body a t  the  w a i s t .  In  
t h i s  action, t he  center of gravi ty  of the person, whether a curb walker 
or a f lye r ,  i s  moved i n  the  d i rec t ion  the w a i s t  and hips are moved. If 
a f lye r  and platform are  leaning and the f lye r  wishes t o  be erect ,  he 
s h i f t s  h i s  weight s l i g h t l y  toward the high s ide by a s l i g h t  bend a t  t h e  
w a i s t .  
amount on a jet-supported platform or rotor-supported platform in  quiet  
a i r  t o  an inch or more on a ro to r  platform i n  gusty a i r .  With a l i t t l e  
experience, the s i z e  of the  control motion i s  adjusted t o  the  pa r t i cu la r  
disturbance. N o  d i f fe ren t ia t ion  i s  made between fore  and a f t  and l a t e r a l  
controls .  
f e l t  or noticed - usual ly  as a t i l t i n g  up of one edge of the  vehicle - 
the  w a i s t  i s  moved a commensurate amount i n  tha t  direct ion.  This  tech- 
niilue appears t o  be the answer t o  overcontrol and osc i l l a t ions  e i t h e r  
on the  rotor-  o r  jet-supported platform. Ankle motions a re  small and 

The amount of w a i s t  movement may vary from an almost imperceptible 

Rather, once the  azimuth and magnitude of a disturbance i s  
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passive, and smaller moments are transmitted through the ankles. This 
technique is also more conducive to relaxation than the first method 
described . 

Comparison with Jet-Supported Platform 

Since reference 1 was published, flights on a jet-supported plat- 
form were made out-of-doors. Figure 10 shows a typical flight on the 
jet-supported platform. 
difficulty with the wind. 
more steadily than the jet-supported vehicle. 
supported vehicle was more disturbed. 

The riders of such a vehicle had practically no 
In calm air the rotor-supported vehicle hovers 

In gusty air the rotor- 

Noise levels were not measured, but the noise of the rotor with 
jets at the tip was not particularly objectionable. This compared to 
very objectionable noise levels on the jet-supported platform, necessi- 
tating the use of ear plugs. 

CONCLUSIONS 

Captive flight tests of a m a n  standing on a teetering-rotor-supported - 
platform resulted in the following conclusions : 

1. The stability and controllability of a flyer standing on a 
spring-restrained teetering-rotor-supported platform were satisfactory. 

2. The stability and controllability of a flyer standing on a free- 
teetering-rotor-supported platform were marginal. However, when a flyer 
with several hours of experience flew with his hands on a hand rail 
encircling the flyer, the ride was satisfactory. 

3. By comparison with a low-inertia jet-supported platform pre- 
viously tested, the teetering-rotor-supported platform flew steadier 
in calm air and with larger oscillations in gusty air. 

4. Although the substantial inertia of the machine did not appear 
to be particularly critical, an arrangement in which the flyer's body 
moved with the frame and the low-inertia rotor and platrorm unit moved 
with the flyer's feet was physically easier to fly in rough air. 
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5 .  The ground e f f ec t  not only gave a l t i t ude  s t ab i l i za t ion ,  but 
imparted an angular (p i t ch  and roll) s t ab i l i za t ion  when the  ro to r  w a s  
within about 2 blade chords of the  ground. 

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field,  Va., February 9, 1954. 
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Teeter b e a r i  

Section A-A 

I 

A 

Figure 3 .- Sketch of rotor-hub assembly. 
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(a) Flyer I. 
L-82 847 

Figure 7.- T e s t  vehicle in indoor flight. 
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L-82 846 
(b) Flyer 11. 

Figure 7.- Concluded. 



NACA RM L34Bl2a 

--r 

i 

i 

- 

I 

I 
I r 

1 
i 
I 
i 
c 

I 

t 

i 
r 



e 

24 NACA RM L54BUa 

I ,  
,oi 

' I  

I 
I 

c 

I 
x I 
$ !  

f d 
k 

.rl 

8 1  
n 
0 



iQ NACA RM L54B12a 




