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SUMMARY 

T h i s  report gives  the resu l t s  of an invest igat ion on the transi- 

tion from sp in  about  the  a x i s  of minimum moment of iner t ia  to  sp in  

about  the  a x i s  of,maxirnum moment of inertia by diss ipat ion of inter- 

na l  mechanical  energy. A mathematical d i scuss ion ,  together  with 

char t s  and diagrams, shows t h a t  angular veloci t ies  and nutation angle  

a re  dependent  on the energy and symmetry factors .  T h e  low s tab i l i ty  

of rotation about the  a x i s  of  maximum,moment of iner t ia ,  when t h i s  

iner t ia  i s  only s l ight ly  greater than the mean moment of iner t ia ,  i s  

shown. 



Section I .  INTRODUCTION 

Theory and pract ical  experience from or- 
bit ing satellites h a v e  shown tha t  the  rotation of 
a s a t e l l i t e  about  i t s  a x i s  of minimum moment of 
iner t ia  is unstable .  T h i s  instabi l i ty  i s  caused  
by the  incomplete  rigidity of a s a t e l l i t e  and 
d iss ipa t ion  of mechanical  energy by internal  
friction of the  body. T h e  body begins  to nutate  
with increas ing  angle .  F ina l ly  the  s a t e l l i t e  ro- 
t a t e s  about  i t s  a x i s  of maximum moment of iner- 
tia. This motion i s  s t a b l e .  T h e  final sp in  i s  
s lower  than t h e  ini t ia l  spin.  T h e  angular  mo- 
mentum s t a y s  constant 'dur ing the  transition. 

It h a s  been sugges ted  t h a t  t h i s  natural 
behavior of a rod-shaped body spinning about  its 

axis of minimum moment of iner t ia  b e  appl ied to 
spin reduction purposes  (Satel l i te  S-15). In th i s  
connection the  time within which t h e  t ransi t ion 
takes p l a c e  and the degree of s tab i l i ty  of the 
spin about  t h e  a x i s  of maximum moment of iner- 
t ia  are  important. 

T h i s  report g ives  the  resu l t s  of a s tudy of 
the motion of the body at any energy level .  T h e  
angular veloci t ies  of the  nutational motion a r e  
presented as  dependent on the  energy and  the  
unsymmetry factors  of t h e  sa te l l i t e .  T h e  nuta- 
tional path of the a x i s  of maximum moment of 
inertia of t h e  body as s e e n  by a s p a c e  f ixed 
observer i s  shown. 

Section I I .  MOTION OF SATELLITE IN BODY FIXED COORDINATES 

Consider  t h e  sa te l l i t e  as an unsymmetrical 
top with three different principal moments of 
iner t ia  A > B > C. C is the moment of iner t ia  
around t h e  original sp in  a x i s  or longitudinal 
a x i s  of the  body. 

If oA, oB, oc a r e  the angular  ve loc i t ies  
around the  corresponding a x e s  of principal mo- 
ments  of inertia, the  Euler ian  equat ions read: 

AhA - (B - C)O,W, = 0 

A f i rs t  integral of t h e s e  equat ions i s  

where T is a constant  and represents  the double 
of the  kinet ic  energy of the  moving body. 

A second integral  is obtained by multiply- 
ing  Equat ions  1 by A o A ,  B a g ,  Cwc,  respec-  
tively, adding and integrating 

Azo: + Bzo; + C'w', = GZ (3) 

This  i s  the square of t h e  total  angular  momen- 
tum. Ini t ia l ly ,  during t rue sp in  about  the longi- 
tudinal a x i s  with wc = Q and wA = wB = 0 

and 

To = C Qz ( 5 )  

During the  transition period, G wil l  remain con- 
stant while  T will b e  continuously decreasing,  
due to the diss ipat ion of mechanical  energy. 
Finally, the body wil l  have  f la t  sp in  at t h e  an- 
gular veloci ty  

C 
= o  (6)  

e 
=-Q and wB = 

w A e  A 

The angular  momentum wil l  s t a y  cons tan t  a t  
G = C Q  = A o ,  and the  k ine t ic  energy will be 

decreased to the  value 
e 

C C 
A A 

Te = AwZ, = -  CAT = -To (7) 
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T h e  motion during the t ransi t ion period is de- 
sc r ibed  by Kirchhoff’s solut ion of the unsymmet- 
r ical  top. In terms of e l l ipt ic  doubly per iodic  
funct ions for 

BT > G2 (8) 

w A  = c - cn 6 t t  - 7) 

wB = b - s n  6( t  - r )  (9) 

where 

G2 - CT G2 - CT AT - G2 
C(.4 - C )  B(B - C) A(A -C) 

b2 = c2 = a’ = 

(B - C)(AT - G2) 
8 =  

ABC 

A - B  G 2 - C T  
B - C  A T - G ’  

< 1  k2 =- _.__. 

GZ G’ 
C B 

For the energy range of - > T > - th i s  means  

tha t  the body o s c i l l a t e s  about the A and B a x e s  
with maximum angular  ve loc i t ies  c and b. T h e  
A and B a x e s  vary approximately as cos ine  and  
s i n e  [A(t-r)], respect ively.  T h e  motion ,about 
the  body fixed C a x i s  i s  a rotation of angular  
velocity a lways  f luctuat ing in the same direc- 
tion. The per iods  of the osc i l la t ions  a r e  given 
by t h e  complete e l l ipt ic  integral and a r e  equal  

. For t h e  fluctuating angular veloci ty  
4K (k) 

to 7 

. After more and more energy the period is- 
2K (k) 

6 

0 

i s  diss ipated,  the motion reaches  the s t a t e  where 

BT = G2 (11) 

Then k = 1 and the el l ipt ic  funct ions be- 
come exponential 

a 

c o s  h B(t-r) 
OA = 

wB = b tan h 6(t-r) (12) 

where 

(1 - g)Gz  G’ 
a’ = b2 =- c2 = 

B2 C(A - C)  A(A - C )  

(A - B)(l-;) (13) 

2 =  GZ 
ABC 

1 
Now i t  i s  lim = 0 and lim tan h 6t = 1 

t+w c o s  h 6t t+m 

G C  
B B  

s o  t h a t  for t + 00 w1 -+ 0 w,  + 0 o2 + -= - 0 , 

T h i s  means  that  if the  energy T would remain 
G2 

on the  magnitude T =- the  body would f inal ly  
B 

s e t t l e  on a rotation about  i t s  a x i s  of mean mo- 
ment of iner t ia .  However, s i n c e  t h i s  motion is 

not gained instant ly  af ter  arrival at T = -, en- 

ergy is s t i l l  d i ss ipa ted  by the  irregular motion. 
T h e  body en ters  t h e  p h a s e  where 

GZ 
B 

G2 > BT (14) 

T h e  solution of Euler’s  equat ions for t h i s  
range is 

= a dn 6 ( t  - r) 

wB = b s n  6 ( t  - r )  (15) 

where , 

AT - G2 AT - G’ 
b2 = ____ c2 = 

GZ - CT 
A(A - C) B(A - B) C(A - C) 

a’ = 

(A - B)(G2 - CT) 
62 = (16) 

ABC 

C 
wc = 

COS h 6(t-7) 

B - C  A T - G 2  
k 2 = - .  - < 1  

A - B  G 2 - C T  
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GZ GZ 
T h e  energy i s  now - > T > - .  T h e  essent ia l  rotates  about  t h e  A axis  with angular velocity 

B A fluctuating in  the  same direction always.  
T h e  par t  of the  invest igat ion which de- change in  t h e  motion compared with the p h a s e  

C B especial ly  su i ted  for the design of a nutation 
C a x e s  i s  of osc i l la tory  type,  while the body 

__ GZ > T > __ GZ is that the motion about the  B and scr ibes  the  motion i n  body fixed coordinates  is 

damper. 

Section Ill. MOTION OF SATELLITE AS SEEN BY A SPACE FIXED OBSERVER 

In u s i n g  Poinsot’s  construction, i t  i s  as- 
sumed t h a t  for a f ini te  time interval kinet ic  
energy and angular  momentum remain constant .  
T h i s  is cer ta inly not true for the energy, but 
th i s  s tep-by-step consideration he lps  explain 
the motion considerably.  

T h e  s a t e l l i t e  is replaced by i t s  momenta1 
el l ipsoid which i s  defined by the equation 

AxZ + ByZ + C z Z  = T (17) 

T h e  x,  y ,  z a x e s  a re  coincidingwith the A,  B, C 
a x e s  of t h e  sa te l l i t e ,  respect ively.  T h e  el l ips-  

o i d  has t h e  s e m i a x e s  m; dT/B and fl 
along x, y ,  z direction, respect ively.  T h e  mo- 
mental e l l ipsoid with a fixed center  ro l l s  on a 
fixed p lane  at a d is tance  

T 
P = F  (18) 

from the center  of the  el l ipsoid.  T h e  perpendic- 
ular  from 0 t o  the  fixed p lane  points  in  the  di- 
rection of the total  angular momentum vector  
and i s  cons tan t  in  length if T i s  kept  constant  
(Fig. 1). 

G 

Fig. 1 MOMENTAL ELLIPSOID ROLLING ON FIXED PLANE 
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The rad ius  vector  from the center  of t h e  
ellipsoid to t h e  contact  point with the tangent ia l  
p lane  i s  the  ins tan taneous  angular veloci ty  vet- 

tor, a. A s  the  el l ipsoid rol ls  on the  fixed p lane  
the  points of contact  form a curve on th i s  p lane ,  
t h e  herpolhode, and another curve on the  el l ips-  
o id ,  the polhode. Connecting all points  of pol- 
hode and herpolhode by s t ra ight  l i n e s  with t h e  
center 0, the motion a l s o  can be considered as 
t h e  rolling of the polhode cone on the  herpol- 
hode cone. T h e  polhode cone will b e  a c l o s e d  
cone while, i n  general ,  the  herpolhode cone wil l  
not  be re-entering. 

BT > G2 and BT < G2 are  to be  considered. 
For the descr ipt ion of the motion in  s p a c e  f ixed 
coordinates the  angular momentum vector  is 
chosen as  reference line. During the  f i r s t  p h a s e  
of the t ransi t ion per iod with BT > G: we u s e  
the  C a x i s  (original spin axis)  as body fixed 
reference line. During the  second p h a s e  where 
BT < G’, the A a x i s  i s  u s e d  as body reference 
line. 

+ 

BT > G2 

Describe a sphere with radius  1 around t h e  
center 0 of t h e  body. T h e  pr incipal  a x e s  inter- 
s e c t  with t h i s  sphere  a t  A, B, C ;  the  angular 
momentum vector  in te rsec ts  a t  L. T h e  direc- 
tional cos ines  aga ins t  the s p a c e  fixed angular 
momentum vector  OL are a, /3, y. A, p,  v a r e  
angles of the  p l a n e s  LOA, LOB, LOC a g a i n s t  
some f ixed p lane  LOX p a s s i n g  through OL (Fig .  

dv 
2 ) .  - i s  the angular veloci ty  of nutation and y 

is the nutation angle. T h e  veloci ty  around the  
instantaneous a x i s  OL i s  w which l e t s  C move 
perpendicular to the  arc  IC with vIc  = w s i n  IC 
which y ie lds ,  resolved perpendicular to LC, a 
velocity v L c  = o s i n  IC s i n  LCI. But i t  i s  a l s o  

dt 

s i n  y, therefore by cos ine  law of V L C  = - 
dt  
dY 

sph eri cal  trigonometry 

s i n  y dv = w s in  CI s i n  LCI 
d t  

w c o s  LI is the resolved par t  of t h e  angular  ve- 

loci ty  about  OL which i s  equal  to-  as  s e e n  by 

the  momentalel l ipsoid.  In the s a m e  way we find 
w c o s  IC = wc s o  that  

T 
G 

sin2 y d v  = 1, wc c o s  y 
d t  G 

With G c o s  y = Cw, i t  fol lows tha t  

du  T G c o s ’ y  
dt G C 

s in2  y - = - - 

or 

d v  - T + CT - G’ c t g ~  

F o r  determination of -, da the direct ional  c o s i n e s  

of the angular momentum l ine  OL can  b e  ex- 
pressed  as 

d t  

G 
cos a =- 

G 

(20). 

(21) 

c o s  LI - c o s  LC c o s  IC 
s i n  LC 

Fig. 2 UNIT SPHERE SHOWING GEOMETRY 
OF MOVING AXES -- BT > G’ 

(19) 
= a  



Subst i tut ing into Euler’s  equation 

C doc - (A - B)o,o, = 0 
d t  

i t  follows t h a t  

dy / 1 1\\ 
s i n y  - = ----Icosa c o s 6  * G 

d t  A B,, 

Because  of the re la t ions  

cos‘ a c o s Z p  cos’ y T 
A B C Gz 

+ -  + = - -  

cosz  a i cosz p + cos’ y = 1 

after  elimination of a and /3, i t  becomes 

I cos2 yi 
C - I 

rBT-Gz B - C  
X I G ’ - -  C 

In order for the equation to  give rea l  v a l u e s  for 

-, the  express ions  in bracke ts  must have  oppo- 
d t  
s i t e  s igns .  T h i s  l e a d s  to  the condition 

dY 

A T - G ’  C BT-G2 C 
> cos2 y > (27) ~- 

GZ A - C  G2 B - C  

By integrat ing Equat ions  22 and 26 and plot t ing 
y v e r s u s  v, we obtain the  figure which the  C 
a x i s  descr ibes  in  s p a c e .  y s t a y s  between the 
two l imits  as given by Equation 27. 

T h e  procedure i s  analogous to the  previous 
c a s e  for BT > GZ. From Figure  3 we find 

5 

d h  

d t  (28) 
s i n  a -= o s i n  AI COS LA1 

COS LI - COS LA COS IA 
= w  

s i n  LA 

and after short  calculat ion 

d h  T AT - G’ 
_- - - +- cot’ a 
d t  G AG 

(29) 

Also, the f i r s t  of Euler’s equat ions s h o w s  

W 
d a y  G’ G Z - C T  A - C  

sin2 = - ,( ~ - __ - - 
GZ A 

cos’ a) (30) 
A 

with the condition 

G2-CT A GZ-BT A > cos’ a > ~ __ (31) _ _ ~  ~ 

G’ A - C  G’ A - B  

Fig. 3 UNIT SPHERE SHOWING GEOMETRY 
OF MOVING AXES -- BT < G’ 
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Section IV. NUMERICAL EVALUATION OF THE THEORY OF MOTION 

1 .  Body Fixed Coordinates 

G’ G’ AT C 
- > T > -  or 0 < - < 1 - -  
C B T, B 

T h e  ampli tudes of w A ,  wB, oc a r e  calcu-  
lated in  dimensionless  form us ing  equat ions 

* 

p - 1  To 

K = K(k) 

where 

C! is the ini t ia l  sp in  velocity about  
the C a x i s  

B 
7 = - is the unsymmetry ratio of the body A 

AT i s  the amount of energy d iss ipa ted  
from the ini t ia l  energy To 

K i s  the complete e l l ipt ic  integral 

A 
p = i s  the rod ratio. 

Consider ing the differential equat ions for 
the e l l ip t ic  funct ions 

(Fy = (1 - sn’ u ) ( l  - k’ sn’ u) 

(-\ = (1 - cnz u)(k” + k2 c’) 
du ,I 

(=) = (1 - dn’ u)(dn’ u - k”) 
\ du 

u = 6 t  

and from tab les  of e l l ipt ic  funct ions,  i t  follows 
that  s n  u and dn u osc i l la te  between + 1 and - 1 
a t  the period 4 K ,  while dn u f luctuates  between 
+ 1 and + k‘ a t  the period 2K. w A  and wB osc i l -  

.. 

4 K  
l a te  with period - and w c  f luc tua tes  with 

6 
p e r i o d T  s i n c e  u = 6 t. 

2 K  
0 a a 

A T  Q Q  
Figure, 4 shows the  funct ions -and  - . k’ 

A1 
plotted v e r s u s  -. They represent  the maxima 

and minima between which the angular velocity 
TO 

0 
ra t io  ~- f luctuates .  T h e  curve for the upper 

Q 
w 

limit of -2 i s  independent of the unsymmetry 
Q 

factor  7. T h e  lower limit depends  on 7. For 
7 = 1, for the symmetrical top, upper and lower 
l imits  coincide and the angular velocity around 
the longitudinal a x i s  (ax is  of symmetry) i s  con- 
s t a n t  for a fixed energy level .  For the consid- 

ered r]  range, (2.) and (2) a r e  repre- 
m a x  m i n  

sented  by the same curve within the drawing 
accuracy.  

b C 

Q Q 
T h e  ampli tudes - and -- of the angular 

w W B  velocity ra t ios  - and -A are  plot ted v e r s u s  
Q Q 



AT b 
- in  F igures  5 and 6 .  - depends  on the un- 

symmetry factor  11, while 5 d o e s  not. For the 

symmetrical top with q = 1, - and 5 are  equal. 

T h i s  means  that  t h e  unsymmetry of a gyro influ- 
e n c e s  mainly the motion around the a x i s  of mean 
moment of inertia. T h i s  dis turbance c a u s e s  the 
fluctuation i n  the  angular  veloci ty  around the  
longitudinal axis .  6/4K 

a /2n  

TO a 
!J 

b 
Q Q  

In F igure  i' t h e  frequency ratio - of 

the  osci l la tory angular  ve loc i t ies  wA and wB is 

plot ted versus  -. T h e  frequency depends on 

11, however in  the range of unsymmetry consid- 
ered,  i t  does  not appear .  T h e  frequency ratio of 
the fluctuation of ac i s  twice the  va lues  shown 
in the  curve. 

AT 

TO 

GZ G2 1 AT* 
- - > T > -  or - - 1 > - > O  
B A 'e 

T h e  diagrams for t h i s  range will show the 
motion of the  body as i t  approaches the flat sp in  
at the  energy minimum Te. Therefore, it  i s  ad- 
vantageous to make the angular ve loc i t ies  and 
frequency ratio dimensionless  by division 
through the f la t  sp in  veloci ty  wA = we.  AT* 
i s  the r e s t  energy which s t i l l  m u s t  be  taken out 
before the body en ters  f la t  spin a t  the  energy 

Te = - To. T h e  formulas u s e d  for presentat ion 

in  the  diagrams a r e  

C 
A 

p - 1 - AT*/Te 

P - 1  

7 

k*Z = - 11-1/f AT*/Te = 1 k*'2 
1-11 l - l /p( l+AT*/Te)  

K* = K*(k*) 

a* a*  
T h e  upper and lower l imits  - and - - k*'of 

w e  
O A  

we 
the fluctuating angular veloci ty  ratio - around 

the axis of maximum moment of iner t ia  a r e  plot- 
AT* 

ted versus __ in F igure  8. T h e  upper l imit  i s  
T I 

independent on the  unsymmetry factor r )  and al- 
AT* 

T_  
most constant  over ~ . (A blown-up diagram 

i s  given in  Figure 8a . )  T h e  lower limit depends  
1 

on 11 and co inc ides  with the  upper limit for 11 = - 
P 

which means symmetry around t h e  A axis. How- 
ever, the diagrams are  des igned  for the  other 
end of the 11 range descr ibing a body c loser  to 
symmetry around the C ax is .  (This  d o e s  not 
res t r ic t  the generality of the  problem.) For q = 1  
the equations l o s e  their s e n s e  b e c a u s e  no lat- 
e ra l  axis of the  body i s  preferred about  which 
the  final f la t  sp in  could t a k e  place.  T h i s  c a s e  
i s  already excluded by the  definition of the 

1 >-  AT* > 0. 1 
energy range - - 

11 'e 

Figure 9 g ives  the  rat io  of the  angular  ve- 
locity about  the a x i s  of  mean moment of iner t ia  

to the final spin ra te  as  function of -. It i s  

strongly influenced by the  unsymmetry factor  11, 
The  angular velocity around the  a x i s  of 

smallest  moment of iner t ia  i s  not influenced by 

AT* 

'e 

C* AT* 
0, T_ 

7. - i s  plot ted versus  ,--- i n  F igure  10. Fig-  
c 

ure 11 s h o w s  the  frequency of the  osci l la tory 
angular ve loc i t ies  0: and a: i n  the dimension- 

. T h i s  frequency ratio is in'flu- 
6*/4K 

less form - 
ae/2n  
AT* 

,enced by- and 11. 
'e 
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2. Space Fixed Coordinates 

G' GZ AT C '->T>- or 0 < - - 1 - -  
C B T "  B 

T h e  motion is descr ibed by the  nutation 
angle y of the  longitudinal a x i s  of the  body (C- 
axis) aga ins t  the s p a c e  fixed angular  momentum 
vector, and the angle v between the  body fixed 
plane containing the C a x i s  and the angular  mo- 
mentum vector, and some s p a c e  fixed p lane  
through the angular momentum vector. 

T h e  nutation angle  y var ies  between a 
maximum and aminimum value  which a re  given by 

and 

Evaluation of t h e s e  formulas shows,  however, 
that for the range of unsymmetry fac tors  con- 
sidered in th i s  report y,,, and ymin are a l ike  
within the accuracy of the diagrams. Therefore 
only one diagram i s  given for y as  a function of 
AT 
- (F ig .  12). T h i s  means  that  a rather  small  

unsymmetry d o e s  not show up in  the nutation of 
the body. 

To 

AT* > 0 G' G' 1 
- > T > -  or - - 1 > -  
B A 9 T,= 

T h e  motion i s  descr ibed by the  nutation 
angle a of the a x i s  A of maximum moment of in- 
ertia aga ins t  the angular momentum vector, and 
the angle  A between the body fixed p lane  through 
the A a x i s  and the angular momentum vector  and 
some s p a c e  fixed p lane  through the  angular mo- 
mentum vector. 

T h e  nutation angle  var ies  between 

- 

1 AT* 
amax = sin-' 1- - 

J l / r ] - l  Te 

and 

AT* 
which a r e  plot ted versus  - i n  F igures  13 and 

13a. The maximum of a is strongly influenced 
by r ]  a n d t i n  cont ras t  to the energy range con- 
s idered  before, there i s  a n  e s s e n t i a l  difference 
between amax and amin. T h i s  i s  understandable  

if one  considers  the  body i n  f la t  sp in  as  a disk- 
shaped  body with a very la rge  unsyrnmetry. F o r  
bet ter  i l lustrat ion,  the  nutation angle  a i s  plot- 
ted as  radius  in  a polar  coordinate sys tem with 
h as pole  angle .  T h e  formulas a r e  

Te 

AT* AT* 

or 

T h e  resul t ing curves a r e  plot ted i n  F igures  
In general, the  p lo ts  a re  rose-like 

F o r  
14 and 15. 
f igures  with an inf ini te  number of leaves .  

GZ G' 
C B 

the range - > T > - the corresponding f igures  

of y versus  v would be c i rc les  within the  accu- 
racy of the drawing. T h e  evaluat ion of the the- 
ory for the spec ia l  range of r ]  and a rod rat io  of 
p = 50 i s  due to the configuration of s a t e l l i t e  
S-15 forwhich th i s  invest igat ion h a s  been made. 
In order to obtain a somewhat  broader view of 
the problem, additional ca lcu la t ions  have  been 
carried out for p = 10,  20, 30, and 40 and a 
fixed r ]  = 0.995. T h e  r e s u l t s  a re  presented in  
F igures  16 through 23. Funct ions  which a r e  
not shown in diagrams are  not influenced b y p .  
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Section V. 

Exper ience  shows tha t  t h e  sp in  of any 
s a t e l l i t e  a t  inject ion into orbit i s  superimposed 
by a nutation. T h i s  nutation h a s  a body fixed 
frequency of the s a m e  order as the  spin. T h e  
i n t e n s e  motion c a u s e s  continuous changes i n  
body s t ra ins .  Internal friction in  turn c a u s e s  
the  d iss ipa t ion  of energy. While energy i s  dis- 
s i p a t e d  the body frequency d e c r e a s e s  and t h e  
nutation angle  increases .  T h e  motion of t h e  
body i s  qui te  in tense  during the  f i r s t  p h a s e  of 
the t ransi t ion.  No s p e c i a l  energy d iss ipa tor  
appears  to be necessary .  

In the  second p h a s e  of the  transition t h e  
body f ixed nutation frequency cont inues to de- 
c r e a s e  due to energy diss ipat ion.  However, the  
nutation angle  and the  body fixed angular veloci- 
t i e s  d e c r e a s e  also. T h i s  means  a motion con- 
nec ted  with fewer and fewer s t r a i n s  to the  body. 
F ina l ly ,  the body will not b e  deformed a t  all 
and the  motion will f reeze with a certain r e s t  
nutat ion.  

To prevent  this and t o  shorten the  time for 
nutation damping, the u s e  of a nutation damper 
i s  necessary .  It i s  sugges ted  that  a v i s c o u s  
damper be  applied. The driving forces  ava i l -  
ab le  are:  (a)  the varying centrifugal force in  
longitudinal direct ion of t h e  body and (b) t h e  
angular iner t ia  force due t o  the  rocking motibn 
about the  longitudinal axis .  

CONCLUSIONS 

~ For increased  efficiency of such  a damper 
i t  is advisable to u s e  the  natural frequency of 
the motion and design the damper as a resonant  
system. In th i s  connection the  driving force (a) 
i s  l e s s  favorable because  t h i s  force o s c i l l a t e s  
with small amplitudes about a relat ively large 
mean value. T h e  driving force (b) o s c i l l a t e s  
about  zero. T h e  most  eff ic ient  nutation damper, 
therefore, s e e m s  to  be  one which makes  rotatory 
osci l la t ions about the  longitudinal a x i s  of the  
sa te l l i t e  with a natural frequency the  same as 

the nutational frequency for- = 0. 
AT* 

Te 
The diagrams for the nutation angle  as 

function of the  energy surp lus  show clearly the 
low stabi l i ty  of the  body motion aboqt  the  a x i s  
with a major moment of iner t ia  which i s  only 
slightly larger  than the mean moment of iner t ia .  
A very small dis turbance which a d d s  mechanical  
energy to t h e  body already r e s u l t s  in  appreciable  
nutation angles .  It i s  quest ionable  whether the 
nutation damper i s  efficient enough to  d iss ipa te  
energies  as they may b e  imparted to  the  system. 
However, a f inal  s ta tement  cannot  be  made 
before a thorough t e s t  program h a s  proved the  
capability of the nutation damper. Modification 
of the  instrumentation for S-15 which permits  
evaluation of the measurements  a l s o  under nuta- 
tion seems to be advisable .  
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FIG 14 NUTATION AT APPROACH TO FLAT SPIN 

PATH OF A POINT ON THE AXIS OF MAXIMUM MOMENT OF INERTIA AS SEEN FROM 
A SPACE FIXED OBSERVER LOOKING IN DIRECTION OF THE ANGULAR MOMENTUM VECTOR 
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FIG 15 NUTATION AT APPROACH TO FLAT SPIN 

PATH OF A POINT ON THE AXIS OF MAXIMUM MOMENT OF INERTIA AS SEEN FROM 
A SPACE FIXE0 OBSERVER LOOKING IN DIRECTION OF THE ANGULAR MOMENTUM VECTOR 
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