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This paper descr ibes t h e  Langley Research Center O r b i t a l  L i  fet i rne program 
which analyzes motion o f  Ear th-orb i  t i n g  spacecraf t  based on pe r t u rba t i ons  due 
t o  atmospheric drag, so l  a r  r a n i  a t  i o n  pressure, and g r a v i t a t i o n a l  e f fec ts  o f  
t h e  Sun, t h e  Moon, and Ear th  ohlateness. The program can he used t o  generate 
t ime  h i s t o r i e s  o f  t he  o r b i t a l  elements, t o t a l  l i f e t i m e  and decay ra tes,  and 
p l o t  data. Operation i ns t r uc t i ons ,  desc r ip t ions  o f  t he  i npu t  and ou tpc t  , and 
several  sample cases are inc luded i n  t h i s  paper. 

Symbol D e f i n i t i o n  - 
Area of spacecraf t  p ro jec ted  perpendicu lar  t o  vel  oc i  t y  , EL? 

Accelerat ion of spacecraf t  due t o  atmospheric drag, crnlsec' 

Geomagnetic index, dimensi on1 ess 

Area o f  space r a f t  p ro jec ted  perpendicu lar  t o  Sun's 
d i r e c t i o n ,  crn 5 
Accel e5at i on  o f  spacecraft due t o  so l a r  r a d i a t i o n  pressure, 
cm/sec - 

I n e r t i a l  azimuth, measured p o s i t i v e  c lockwise from north,  
deg . 
Semimajor ax i s  o f  o r b i t ,  Re 

OL program FORTRAN ar ray  con ta in ing  f l o a t i n g  po in t  i n p u t  
data 

Speed of l i g h t ,  crn/sec 

Spacecraf t  drag coe f f i c i en t ,  dimensionless 

E c c e n t r i c i t y  o f  o r b i t ,  dimensionless 

10.7 cm so la r  f l u x ,  ua t t s / r n2 /~z  

13-month averaged 10.7 cm so la r  f l u x ,  lo-" wa t t s /m2 /~z  

Height o f  apogee above Earth, k q  

Height o f  per igee above Earth, km 

Solar f l u x  near the  Earth, dynes/cmlsac 

I n c l i n a t i o n  o f  o r b i t ,  deg. 



Ear th  ohlateness c o e f f i c i e n t s  corresponding t o  the  second, 
t h i r d ,  fourth,  and f i f t h  harmonics, respec t i ve ly ,  
dimensionless 

Spacecraft r e f l e c t  i o n  c o e f f i c i e n t  , dimension1 ess 

OL program FORTRAN array con ta in ing  i n t ege r  i npu t  data 

Spacecraft mass, g 

Semi 1 atus rectum o f  o r b i t  , R e  

OL program FORTRAN array (see re f .  2)  

Ear th  radius,  6.378145 x 10' cm 

I n i t i a l  geocentr ic radius,  km 

Spacecraft v e l o c i t y  i n  d i  r e c t  i on of fl i ght , cmlsec 

Spacecraft i n e r t i  a1 v e l o c i t y  , km/sec 

I n e r t i a l  f l i g h t  path angle, d q .  

Change i n  semimajor axis,  Re 

Change i n  e c c e n t r i c i t y ,  dimensionlsss 

Change i n  sernilatus rectum, Re 

Change i n  spacecraft ve l oc i t y ,  RJsec 

I n i t i a l  long i tude,  p o s i t i v e  east o f  Gremwich, deg. 

Atmospheric densi ty,  glcm 3 

Standard dev ia t i on  

I n i t i a l  l a t i t u d e ,  deg. 

Right ascension of ascending node, deg. 

A r g u ~ e n t  o f  perigee, deg. 

INTRODUCTION 

The Langley Research Center (LaRC) O r b i t a l  L i f e t i m e  (OL) program analyzes 
t he  long-term motion o f  Earth-orbi  t i n g  spacecraft f o r  a1 t i  tudes up t o  
2500 km. It models per tu rba t ions  t o  t h e  o r b i t  caused by atmospheric drag, 
s o l a r  r a d i a t i o n  pressure, and g r a v i t a t i o n a l  e f f e c t s  due t o  the Sun, the  Moon, 
and t he  oblateness o f  t he  Earth. Ava i lab le  output inc ludes t ime h i s t o r i e s  of 
the o r b i t a l  elements, t o t a l  l i f e t i m e  and decay rates,  and p l o t  data. 



The OL program was o r i g i n a l l y  developed a t  t he  Massachusetts I n s t i t u t e  of 
Technology L inco ln  Laboratory ( re f .  1) and was modi f ied by t h e  Rand 
Corporat ion ( re f .  2). NASA LaRC obtained the  program from Rand and f u r t h e r  
changes have been made by LaRC personnel. These changes inc lude  co r rec t i on  of 
program errors ,  updat ing t o  l a t e r  versions of FORTRAN, and rep lac ing  t he  
atmospheric dens i t y  model. Th is  use r ' s  guide and i t s  references c o n s t i t u t e  
a1 1 o f  t he  documentation avai 1 ab le  f o r  the  OL program, The theory  i n  
reference 2 i s  s t i l l  r e l i a b l e ,  bu t  most in format ion i n  t h a t  document spec i f i c  
t o  the  program code i t s e l f  i s  no longer accurate because t h e  code has been 
changed. Although t h i s  paper accounts f o r  the  changes t h a t  were made a f t e r  
NASA LaRC obtained t h e  program, the program s t i  11 contains some ca l cu l a t i ons  
which were o r i g i n a l l y  i n  t he  code hut  were never docunented. 

The purpose o f  t h i s  paper i s  t o  prov ide a user 's  guide t h a t  i s  cons is ten t  
w i t h  the  cu r ren t  vers ion of t he  OL program. Th is  paper gives, w i thou t  go ing 
i n t o  very much mathematical d e t a i l ,  an overview of t he  method of computation 
and t he  modeling approach and under l y ing  assumptions f o r  each per turbat ion.  
As mentioned above, t he  theory  behind t he  program (i.e. t he  equations o f  
motion o f  t he  o r b i t a l  elements and de r i va t i ons  of expressions f o r  t h e  
pe r t u rb i ng  acce le ra t ions )  appears i n  reference 2. The atmospheric deqs i ty  
model i s  documented i n  references 3-5. This paper inc ludes i n s t r u c t i o n s  f o r  
s e t t i n g  up the  i npu t  and running the  program, as we1 1 as sample cases which 
i l l u s t r a t e  many o f  t h e  opt ions ava i lab le .  The OL program i s  ava i l ab l e  i n  
FORTRAN 7/ on VAX and Prime computers and i n  FORTRAN V  on CDC Cyber 
machines. The i n s t r u c t i o n s  and sample cases i n  t h i s  paper r e f e r  t o  VAX 
computers and the  V A X I V M S  operat ing system. 

Th is  paper i s  intended t o  prov ide a l l  of t he  documentation needed f o r  t h e  
general user t o  run t he  OL program w i t h  confidence. 

PROGRAM MSCR I P'T I ON 

The OL program ca lcu la tes  changes i n  spacecraft o r b i t s ,  given such i npu t  
q u a n t i t i e s  as spacecraf t  phys ica l  c h a r a c t ~ r i  s t i c s ,  i n i  t i  a1 o rh i  t parameters, 
and launch date. The ca l cu l a t i ons  hegin w i t h  t he  assumption t h a t  t h e  
spacecraf t  i s  i n  the  i n i t i a l  o r ~ i t  spec i f ied,  so launch date i s  a c t u a l l y  
t r ea ted  as i n i t i a l  t ime  i n  o r b i t .  The o r b i t  i s  al lowed t o  decay due t o  
environmental pe r tu rba t ions ,  and no reboost operat ions can be taken i n t o  
account. (There i s  a seldom-used op t i on  t h a t  a1 lows f o r  a AV k i c k  a t  per igee;  
th:s i s  no t  reboost.) For purposes of t h i s  program, only long-term changes 
a re  considered; shor t -per iod va r i a t i ons  (e.g. w i t h i n  a s i ng l e  o rh i  t ) are 
assumed t o  average out and are not  inc luded i n  the ca l cu l a t i cns .  Therefore, 
the  OL program cannot be used t o  i nves t i ga te  short- term behavior of  spacecraf t  
f l i g h t .  The per tu rba t ions  t o  t he  o r b i t  a re  ca lc l l l a ted  t o  f i r s t  order  on ly  
(except f o r  Ear th  oblateness, which can inc lude  a second-order term i n  the  
g r a v i t y  model ; see Ear th  Obl ateness subsection below). 

The spacecraf t  o r b i t  i s  represented i n  the  program by the  o r b i t a l  
elements p (semi l a t u s  rectum), e ( e c c e n t r i c i t y ) ,  i ( i n c l i n a t i o n ) ,  u (argument 
o f  per igee),  and n ( r i g h t  ascension of t he  ascending node). Epoch ( t ime  o f  
per igee passage) i s  not inc luded because the program i s  not concerned w i t h  the  
exact p o s i t i o n  of t he  spacecraft i n  i t s  o r b i t  a t  any given time. Changes i n  



the  o r b i t a l  elements are calculated based on solut ions t o  t h e i r  equations of 
motion expressed i n  terms of the per tu rb ing  accelerat ions and the o r b i t a l  
elements themselves. The equations, which are o f  the form 

d(e1ement) = f (p, e, i, U, n, per tu rb ing  accelerat ions),  
d t 

are in tegrated over a s ing le  o r b i t ,  ho ld ing constant the o r b i t a l  elements 
which appear on the right-hand s ide o f  the equation. Each per turbat ion i s  
handled separately (see descr ipt ions i n  the f o l  lowing sect ion ). The 
in tegra t ions  are ana ly t i c  f o r  d l ?  of t he  per turbat ions except drag, f o r  which 
an approximation technique i s  used. The i n teg ra t i on  resu l t s  are used t o  
update the o r b i t a l  elements a t  user-speci f i  ed i n t e r v a l s  ( input  as nl~mber of 
o r b i t s  per ca lcu la t ion) ,  assuming t h a t  t h e i r  rates o f  change remain constant 
over the computation i n te rva l .  The updated o r b i t a l  elements then describe a 
new spacecraft o r b i t  f o r  which the equations c' motion are again integrated. 
The cyc le continues u n t i l  a  user-speci f ied maximum o r b i t  number i s  reached or  
the  spacecraft reaches the Earth. The condi t ion f o r  reaching the Earth i s  
t h a t  the height of perigee be below 64 km; the atmosphere i s  so dense a t  t ha t  
a l t i t u d e  tha t  the spacecraft would f a l l  from there t o  the ground i n  a matter 
o f  minutes. 

Appendix A contains a b r i e f  descr ipt ion of each rou t ine  i n  the program. 

PERTURBAT IONS 

A b r i e f  explanat ion of each per tu rbat ion  i s  provided here. For more 
mathematical detai  1  , see reference 2. 

Sol a r  Radiat ion Pressure 

I n  the OL program, solar  rad ia t i on  pressure i s  represented by an 
accelerat ion of the  spacecraft i n  a rad ia l  d i r e c t  ;on away from the Sun: 

where 
ARP = accelerat ion of spacecraft due t o  solar  rad ia t ion  pressure 

k = spacecraft r e f l e c t i o n  coe f f i c i en t ;  0 - c k - < 413 
k = 0: transparent 
k  = 1: pe r fec t l y  absorbing 
k = 413: f l a t ,  specular ly r e f l e c t i n g  

I = solar  f l u x  near the Earth 

c  = speed o f  l i g h t  

kR = area pro jected perpendicular t o  Sun 's d i  r cc t i on  

M = spacecraft mass 

The so la r  f lux ,  I, i s  assumed t o  vary only w i th  the Earth 's  distance from 
the  Sun ( the  Earth-Sun distance varies hecaust the Earth 's  o r b i t  i s  
e l l i p t i c a l  ). The program uses I / c  = 4.5 x 10 dyneslcm at an Earth-Sun 
d l  stance of one astronomical un i t .  



The e f fec t  of t he  Ear th  shadow i s  taken i n t o  account i n  c a l c u l a t i n g  t h e  
r a d i a t i o n  pressure by exc lud ing  from t h e  o r b i t a l  i n t e g r a t i o n  t h a t  p o r t i o n  o f  
t h e  o r b i t ,  i f  any, which l i e s  i n  t he  Ear th ' s  shadow. The t r u e  anomalies on 
e n t e r i n g  and l eav i ng  t h e  shadow are  p r i n t e d  i n  t he  output,  and t he re  i s  an 
op t i on  t d  c a l c u l a t e  and p r i n t  the  moun t  o f  t ime t h e  spacecraf t  spends i n  t h e  
shadow. 

Subrout ine RADPR ca l cu l a tes  the  s o l a r  r a d i a t i o n  pressure e f f e c t s  and 
subrout ine SHADOW ca l cu l a tes  t he  t r u e  anomalies on en te r i ng  and l eav i ng  t h e  
Ear th ' s  shadow. 

Ear th  Oblateness 

The OL program inc ludes the g r a v i t a t i o n a l  e f f ec t s  of t he  ohlateness o f  
t h e  Ear th  through an expansion of the g r a v i t a t i o n a l  p o t e n t i a l  i n  spher i ca l  
harmonics. Zonal harmonics a re  inc luded  through J5. It i s  assumed t h a t  t he  
Ea r t h ' s  mass d i s t r i b u t i o n  has azimuthal symmetry ( I  .e, t h a t  i t  i s  independent 
o f  l ong i tude) ,  so no tessera l  harmonics are used. 

As mentioned above, the re  i s  an op t i on  t o  i nc l ude  a second-order 
c o r r e c t i o n  i n  t he  Ear th  oblateness ca l cu l a t i on .  Th is  co r rec t i on  i s  the J2 
term, and t h i s  op t i on  was inc luded  because i t  con t r i bu tes  as much t o  t h e  
g r a v i t a t i o t ~ a l  p o t e n t i a l  as the  J3, J4, and J5 terms do. 

I t  shoald be noted t h a t  t h e  changes i n  t h e  semimajor ax is ,  a, due t o  
Ear th  ohlateness should be very small compared t o  t he  changes due t o  drag. 
However, t h e  bp and be o r i g i n a l l y  ca l cu l a te9  i n  t h e  program gave r i s e  t o  long-  
t e rm  o s c i l l a t o r y  v a r i a t i o n  i n  a  (a = p / ( l - e  ) )  w i t h  Aa per o r b i t  of t he  same 
order  o f  magnitude as Aa due t o  drag. The reason f o r  t h i s  e r r o r  has no t  been 
found. Therefore, ~p and be were set  equal t o  zero i n  t h e  program t o  y i e l d  
more accurate r e s u l t s .  

The Ear th  oblateness ca l cu l a t i ons  appear i n  subrout ine EARTH. 

Moon ' s  Grav i t y  

The OL program accounts f o r  t he  g r a v i t a t i o n a l  a t t r a c t i o n  both between t he  
Moon and t he  spacecraf t  a ~ d  between t h e  Moon and t h e  Earth. That i s ,  i t  
ca l cu l a tes  t he  acce le ra t i on  o f  the spacecraf t  due t o  the  Moon's g r a v i t y  
r e l a t i v e  t o  t h e  acce le ra t i on  of t h e  Ear th  due t o  t he  Moon's g rav i t y .  The 
c a l c u l a t i o n s  account f o r  d i  stance v a r i a t i o n s  due t o  t he  Moon 's o r b i t a l  motion. 
Terms l i n e a r  i n  t he  r a t i o  of Earth-spacecraf t  d is tance t o  Earth-Moon d is tance  
a re  included, bu t  h igher  powers o f  t h a t  r a t i o  are not.  

Subrout ine MOON conta ins the computation f o r  the Moon's g rav i t y .  

Sun 's Gravi t v  

The g r a v i t a t i o n a l  e f f e c t s  o f  the  Sun on t he  o r b i t  a re  handled i n  the  OL 
program i n  a manner analagous t o  t h e  method used f o r  t he  Moon's g r a v i t y  
ca l cu l a t i ons .  

Subrout ine SUN conta ins t he  c a l c u l a t i o n s  fo r  t he  Sun's g r a v i t a t i o n a l  
e f f ec t s .  



Atmospheric D rag  

The OL program ca l cu l a tes  the  acce le ra t ion  of t he  soacecraf t  due t o  
atmospheri c drag i n  a d i r e c t i o n  oppos i te  t o  t he  spacecraf t  v e l o c i t y  according 
t o :  

where 
ADR = 

ADR = 
AD = 

acce le ra t ion  o f  spacecraf t  due t o  atmospheric drag 

area p ro jec ted  perpendicu lar  t o  t h e  ve loc i t y ,  averaged over 

one o r b i t  

spacecraf t  drag c o e f f i c i e n t  

mass o f  spacecraf t  

atmospheric dens i t y  

v e l o c i t y  o f  spacecraft 

The equat ions o f  motion i n  which t h i s  expression appears cannot he 
i n t eg ra ted  a n a l y t i c a l l y  because t he  atmospheric densi ty,  a, appears i ns i de  t he  
integrand, and i t  var ies  throughout t he  o r h i t  i n  a compl icated way (see helow 
f o r  a desc r i p t i on  o f  the atmospheric dens i ty  model used). Therefore, the 
i n t e g r a t i o n  i s  approximate; s i x  %point  Gaussi an quadratures a re  used, and 
there  i s  an op t ion  t o  change t he  number o f  quadratures. An ob la te  Earth i s  
used f o r  t h e  drag ca lcu la t ion ,  i .e. t he  he igh t  a t  which t he  atmospheric 
dens i t y  i s  ca lcu la ted  i s  the  he igh t  above an ob la te  r a the r  than a spher ica l  
Earth. I n  add i t i on ,  the re  i s  an op t i on  t o  use a r o t a t i n g  atmosphere. 

The atmospheric dens i ty  models used i n  the  OL program's drag ca l cu l a t i ons  
a re  t h e  U.S. Standard Atmosphere 1976 ( r e f .  3)  f o r  a l t i t u d e s  below 90 km and 
t h e  Jacchia 1970 atmospheric dens i ty  model (refs.  4 and 5)  for  a l t i t u d e s  above 
90 km. The Jacchia 1970 model i s  recommended by NASA f o r  use i n  space veh ic le  
design and development s tud ies ( re f .  6). These models are new t o  the LaRC 
program and rep lace the  models used i n  the Rand vers ion of the  program 
( re f .  2). 

The Jacchia 1970 atmospheric dens i ty  model o f  the  neu t ra l  atmosphere i s  
v a l i d  from 90 k~ t o  2500 km. It inc ludes va r i a t i ons  w i t h  a l t i t u d e ,  s o l a r  
a c t i v i t y  (i .e. w i t h  the  11-year so l a r  cycle),  and geomagnetic a c t i v i t y .  It 
a1 so inc ludes  t he  semi annual v a r i a t i o n  (character ized by maxi ma i n  Apr i  1 and 
October and minima i n  January and Ju ly ) ,  the  d i u rna l  v a r i a t i o n  (dens i ty  i s  
h igher  on t h e  l i g h t  s ide  o f  t h e  Ear th  than on t he  dark s ide) ,  and seasonal - 
l a t i t u d i n a l  va r i a t i ons  i n  hel ium dens i ty  and t o t a l  densi ty.  The OL program 
ca l cu l a tes  t h e  seasona l - l a t i t ud i na l  va r i a t i ons  hased on the Jacchia 1971 
atmospheric dens i ty  model ( r e f .  7). 

To account f o r  so l a r  a c t i v i t y  and geomag~et ic a c t i v i t y ,  the  Jacchia 1970 
model uses t h e  13-month smoothed 10.7 cm so la r  f l u x ,  , and the  geomagnetic 
index, A . Densi ty increases as e i t h e r  of these i n c r e k Z ,  but  F has 
a greateF e f f e c t .  Since t h e  OL program i s  used p r i m a r i l y  t o  p red# t  l i f e t i m e s  
f o r  f u t u r e  f l i g h t s  o f  spacecraf t ,  i t  uses p red i c t i ons  o f  monthly v a l ~ s s  
o f  F and A . These p red i c t i ons  a re  prov ided by t h e  Atmospheric Sciences 
~ i v i l ? d  of thg NASA Marshal 1 Space F l i g h t  Center (MFSC) and are updated 



bi-monthly. The OL program reads these p red i c t i ons  from a  f l u x  inpu t  f i l e ,  
and both nominal (50th percen t i  1  e) and +2a (97.7th p e r c e n t i l e )  p r e d i c t  ions a re  
a v a i l a b l e  f o r  use. A l i s t i n g  of t he  f l u x  inpu t  f i l e  con ta in ing  t he  MSFC 
p red i c t i ons  from the  June 1985 update i s  provided i n  4ppendix R. The e a r l i e s t  
date f o r  which s o l a r  f l u x  data e x i s t s  i n  the  f l u x  f i l e  i s  the  e a r l i e s t  launch 
date f o r  which the  program can be run (January 1984 f o r  the  f i l e  i n  Appendix 
0) .  The date o f  t h e  l a s t  f l u x  data p o i n t  (November 1998 f o r  t he  f i l e  i n  
Appendix 8) presents no such r e s t r i c t i o n  because f o r  dates beyond the  end o f  
t h e  f l u x  data, t he  11-year so l a r  cyc le  i s  assumed t o  repeat as many times as 
necessary. 

The atmospheric drag ca l cu l a t i ons  appear i n  the program i n  subrout ine 
DRAG1, and atmospheric dens i t i e s  are ca lcu la ted  i n  func t ion  RHA. 

H O W  TO RUN ME OL PROGRAM 

These i n s t r u c t i o n s  f o r  compi l ing and running t he  OL program apply t o  VAX 
computers w i t h  the VAX/VFIS operat ing system. The sample cases below were run 
on a  V A X  11/785 w i t h  t he  VMS 4.1 operat ing system. 

Compil ing the  OL program i s  s t ra igh t fo rward  because there  are no 
1  ibrar- ies o r  spec ia l  opt ions required. If the FORTRAN source code i s  i n  t he  
f i l e  OL.FOR, t he  f o l l ow ing  sequence o f  commands compiles, l i n k s ,  and runs the  
program: 

FOR OL Compi 1  es the  h i  ghest-numbered vers ion o f  OL .FOR and creates 
a  new vers ion of OL.ORJ 

LINK OL L inks t he  h i  ghest-numbered vers ion o f  OL.OBJ and c rea to r  a  
new vers ion o f  OL.EXE 

RlJN OL Runs the highest-numbered version o f  OL.EXE 

There a re  two inpu t  f i l e s  requ i red  t o  run the program: 

1. Case-specfic input  data f i l e :  'This f i l e ,  created by tho user, 
contains in fo rmat ion  such as i n i t i a l  o r b i t  parameters and case 
f lags.  I t s  format i s  described i n  d e t a i l  i n  the Input Format r e c t i o n  
below. The i npu t  datd f i l e  may have any name o f  the  form 
filename.DAT, which the user spec i f i es  a t  the beginning of each run 
(see example below). Two cases us ing the  same input  f i l e  may not be 
run simultaneously becallse t h i s  f i l e  i s  open dur ing  the e n t i r e  run. 

The two i npu t  f i l e s  must e x i s t  i n  the d i r e c t o r y  under which the  program i s  
run. 

Flcrx data f i l e :  This i s  a  f i l e  named FLlJY.DAT which contains 
p red i c t i ons  of so l a r  f l u x  and geomagnetic index needed for  the 
atmospheric dens i t y  model. Appendix R contains a  copy of the  f l u x  
data f i l e  used i n  the sample cases below. The f l u x  f i l e  i s  read a t  
t he  s t a r t  of each run and i s  c losed immediately a f t e r  i t  i s  read. If 
the f l u x  f i l e  i s  a1 ready open when the program t r i e s  t o  read it, the  
program t r i e s  again unt  i 1 i t  becomes avai 1  able. Therefore, mu1 t i p l e  
cases may be run simultaneously us ing t he  same f l u x  f i  le .  



The OL program generates two output f i l e s :  one contains the output 
l i s t i n g  and one contains data for  p l o t t i n g  (see sample cases below). The user 
spec i f ies  names f o r  the output l i s t i n g  and p l o t  f i l e s  a t  the beginning o f  the 
run (see example below!. 

When the program i s  run i n te rac t i ve l y ,  it prompts the user f o r  re levant  
f i l e  names a t  the terminal, The fo l low ing i s  a sample terminal session which 
runs the program f i l e  OL,EXE, using input  f i l e  0LIN.DAT and f l u x  f i l e  FLUX.DAT 
(requi red name). The run generates output 1 i s t i n g  f i l e  0LOUT.DAT and p l o t  data 
f i l e  OLPLT.DAT, Lower case l e t t e r s  ind ica te  user input. S i s  the system prompt. 

$ run 01 

ENTER "INPUT FILE" NAME. 

o l i n  

ASSIGNING FLUX FILE. 

ENTER "OUTPUT FILE" NAME. 

o lout  

ENTER "PLGT FILF" NAME. 

The three f i l e  name prompts ap;.oar a t  the beginning of program execution. The 
number 5000 appears when the program terminates normally. If the spec i f ied  
input  f i l e  does not ex is t ,  execution ends and 

FILE ERROR 

S 

appears i n  place o f  the remaining prompts. I f  the f l u x  f i l e  doer not ex i s t ,  

EOF FLUXIN 

appears i n  place o f  5000. I f  any other  e r ro r  occurs dur ing execution, the 
appropriate system e r ro r  message appears. 

It i s  recommended tha t  the OL program be run i n  batch mode hecause 
execution times are t y p i c a l l y  too  long f o r  i n t e r a c t i v e  execution o f  the 
program t o  he convenient (see sample cases below), especia l ly  f o r  mu1 t i p l e  
cases. To run i n  batch mode, a command f i l e  must he created and submitted. 
The fo l low ing command f i l e ,  named OL,COM, sets up the case i n  the above 
i n te rac t i ve  example t o  execute under the d i rec tory  LHO.0L: 



$SET DEFAULT [LHO.OL] 

$RUN OL 

OL I N 

OLOUT 

OLPLT 

S E X I T  

The command 

SUBMIT OL 

submits the  h ighest  numbered vers ion o f  the f 

INPUT FORHAT 

i l e  OL.COM f o r  a  hatch run. 

There are f ou r  types o f  data i n  t he  OL program i npu t  f i l e .  They are, i n  
order  o f  appearance: 

1. I n i t i a l  l i n e  which spec i f i e s  run number and t he  numbers o f  1  
of character ,  i n teger ,  and rea l  data t h a t  fo l l ow;  

2. L ines con ta in ing  character  data t o  be used as an outplnt head 

3. L ines con ta in ing  i n t e g e r  data such as output  f l ags ;  and 

4. L ines con ta in ing  re31 data such as o r b i t  spec i f i ca t ions .  

A sample i npu t  f i l e  fo r  one o f  t he  f i v e  sample cases descr ibed below 
seen i n  Table 1. 

I n i t i a l  L i ne  

ines  each 

ing ;  

can be 

A l l  values are in teger  and must he r i g h t  j u s t i f i e d  i n  t h e i r  f i e l d s .  

Column R's De fau l t  D e f i n i t i o n  --- 
1-6 0 Run number. Used on ly  as a l abe l  on t he  output.  

25-30 0 Number o f  l i n e s  con ta in ing  i n t e g e r  data. 

31-36 . O  Number o f  l i n e s  con ta in ing  rea l  data. 

55-60 0 Number o f  l i n e s  con ta in ing  character  data. 

Columns 7-24, 37-54, ~ n d  62-72  a r e  ignored.  

Character Data 

Up t o  two 72-character l i n e s  o f  t e x t  may he i npu t  t o  he used as an output  
heading. There i s  no d e f a u l t  heading. 



I n t ege r  Data 

A l l  i npu t  in tegers  are assigned t o  elements o f  an ar ray named K i n  the  
program. The array index and t h e  value of the  i npu t  i n t ege r  must he l i s t e d  
consecut.rvely, w i t h  s i x  columns f o r  each, r i g h t  j u s t i f i e d .  Read format i s  
1216, so up t o  s i x  such p a i r s  may be inc luded i n  each l i ne .  The order  o f  
i n p u t  i s  a r b i t r a r y ;  e.g. K(10) my precede K(2). Rlank p a i r s  o f  f i e l d s  are 
i gnored. 

The most commonly used elements are: 

K Index Defau l t  D e f i n i t i o n  

2 Maximum number o f  o r h i  t s  i n  case. Case ends 
when K ( l )  o r b i  t s  are reached o r  when spacecraf t  
reaches E ~ r t h ,  whichever occurs f i r s t .  
K ( l )  = 999999 gives wh.slc l i f e t i m e  f o r  most 
cases. 

2 1 Number o f  o r b i t s  per ca l cu l a t i on .  

6 Number o f  Gaussian quadratures i n  drag 
ca l cu l a t i on .  Numher o f  c a l c u l a t i o n  po in t s  per 
o r h i t  = K(5)*9. 

1 P r i n t  i r l t e r va l  . P r i n t  every 1(( 10) o r b i t s .  
Actual p r i n t  i n t e r v a l  i s  l e a s t  common m u l t i p l s  
o f  K(2) d q d  K(10). 

50 0 O r b i t  spec i f i ca t i on  opt ion.  

K(50) = -1: Inpu t  C(1108). C(1110). C(1111), 
C(1112), C(11!3), C(1114) 

Y(50) = 0: Input C(537). C(538), C(539), 
C(540). C(541) 

The C ar ray conta ins r ea l  i n p u t  data and i s  
descr ibed helow. 

0  Solar f l u x  f lag.  

K(54) = 0: Nominal so l a r  f l u x  and geomagnetic 
index p red i c t i ons  used. 

K(54) = 1: +2a p red i c t i ons  used. 



Less o f t e n  used elements o f  K are: 

K Index , '  - a u l t  - .- 

14 b 

D e f i n i t i o n  

O r b i t  number a t  which p r i n t  i n t e r v a l  changes 
t o  K(15). 

P r i n t  i n t e r v a l  a f t e r  o r b i t  number K(14). 

Grav i t y  model f l a g  f o r  Ear th  ohlateness 
ca l cu l a t i on .  

2 ( 7 1  = 1 J2 t e r n  included. 

2 K(71) = n: J2 t e r n  not  included. 

Shadod f lag.  

K(82) = 1: Time 5n shadow per o r b i t  p r in ted .  

K(82) = 0: Tine i n  $hadow not  p r i n t ed .  

Flags t o  de le te  per turbat ions.  5 e t t i n g  any o w  
o f  K(111) - K(118) equal t o  one of the  numbers 
he lo^ de le tes the e f f e c t  o f  the pe r t u rba t i on  
associated w i t h  t h s t  number: 

5o la r  r a d i a t i o n  presqtJre 
Ear th  ohlateness 
Moon's g rav i t y  
Sun's g r a v i t y  
Drag 

Using t h i s  op t ion  does not save any compl~tat ion 
t ime; changes due t o  the spec i f i ed  
per tu rba t ions  are ca lcu la ted  i n  the  t ~sua l  way 
and then set equal t o  0. 

The f o l l ow ing  elements o f  K generate more de ta i l ed  output and are r a r e l y  
used : 

K Index Defau l t  D e f i n i t i o n  -- 
18 0 Flag f o r  number o f  l i n e s  o f  p r i n t o ~ ~ t  per p r i n t  

i n t e r v a l  (K(10) o r  K(15) ) .  

K(18) = fi o r  1: one l i w  
K(18) = 2: Two 1  i ncs 
K(18) > 3: K(1R) 1  ines 
K(18) 7 - -3: -K(18) 1  ines 

See ref .  2 f o r  nore de ta i l s .  



25-29 

Real Data 

P r i n t  I n t e r v a l  f o r  long output, whlch can 
inc lude cont r4hut ions  o f  each per turhat fon t o  
changes of the o r b i t a l  elements; see K(24) 
be:ow. Actual long output p r i n t  I n te rva l  = 
l eas t  comnon m l t i p l e  o f  K(2) .  K(10), and 
K(20). This long output i s  i n  add i t ion  t o  
normal output contro l  l e d  by K(10). 

Orb i t  number t o  begin long output. 

Orb i t  number t o  end long output. 

F lag f o r  number of l i n e s  o f  long output. 

K(24) = 0: seven l i n e s  

K(24) > 0: K(24) l i n e s  

The f i r s t  two l i n e s  contain parameters 
descr ib ing the o r b i t .  The next fi ve l i n e s  l i s t  
the contr ibut ions of each per turbat ion t o  
changes i n  the o r b i t a l  elements, There i s  no 
useful in format ion beyond the szventh l i ne .  

Row of Q array t o  be included i n  long 
output. See reference 2. 

A l l  input  rea l  numbers are assigned t o  elements o f  an a r r a j  named C i n  
the  program. As w i th  integers, the array index dnd value of the element are 
l i s t e d  i n  pai rs .  There are 4 columns f o r  the array index, which i s  integer.  
and r i g h t  j u s t i f i e d ,  and 14 co lum~s f o r  the value of the element, whlch I s  
real .  Blanks are read as zeroes. Read format i s  4(14, E14.7). so up t o  four 
p a i r s  w i l l  f i t  on a l i n e ,  and the order o f  input  i s  a rb i t ra ry ,  e.g. C(1111) 
may p scede C(539). Rlank pa i r s  o f  f i e l d s  are ignored. 

The most c o n o n l y  gsed elements are: 

Spacecraft Characteri s t  i cs 

Uni ts  C Index Def au 1 t De f in i t i on  - 
531 cm2/q 0. r) kAR/Y, where 

k = s p a c ~ c r a f t  r e f l e c t i o n  coef f i c ien t  
k = 0: transparent 
k = 1: pe r fec t l y  absorbing 
k = 4/3: f l a t ,  specular ly 

r e f l e c t i n g  

AR = area pro jected perpendic~rla 
t o  direction o f  Sun, cm 5 



M = t o t a l  mass o f  spacecraf t ,  a 

If C(531) < lkR, r a d i a t i o n  pressure 
c a l c u l a t i o o  i s  omitted. 

CDAD/2M, where 

CD = spacecraf t  drag c o e f f i c i e n t  
AD = area p r o j e c t  .d perpendicu lar  t o  

ve l oc i t y ,  cm 5 
M = t o t a l  mass of spacecraf t ,  g 

I f  C(532) < lo-*, drag c a l c u l a t i o n  
i s  omitted. 

O rb i t  Speci f i ca t i on  - 
There are t h ree  ways t o  speci fy the  i n i t i a l  o r b i t ,  g iven by Y(50)  = 0, 1, 

o r  -1. There i s  some redundancy among t he  t h ree  opt ions (* i nd i ca tes  element 
common t o  two opt ions) .  The f i r s t  two o p t i m s ,  K(50) = O or  1, assume t h a t  
t h e  i n i t i a l  cond i t i on  i s  a t  perigee. For t he  t h i r d  opt ion,  K(59) = -1, t h2  
psSogran! ca lcu la tes  the t ime since per igee and backs up t he  i n i t i a l  t ime t o  
correspond t o  perigee. If e i t h e r  of t he  two opt ions K(50)  = f t  i s  selected, 
the  program ca lcu la tes  the o r b i t a l  elements corresponding t o  K(50) = 0; see 
Appendix C. Note t h a t  t h e  maximum al lowed a l t i t u d e  i s  2500 km. 

For 

C Index 

537 

538 

539* 

540 

541* 

C Index 

539* 

541* 

1111* 

1121 

Ki50)  = 0: 

Un i t s  De fau l t  

Re 9.0 

-- n. n 

de9 0.0 

dey 0.0 

deg n. n 

For K(50) = 1: 

Un i t s  - Defau l t  

deg 0.0 

neg 0.0 

deg 0.0 

krn 0.0 

O e f i n i t i o n  

p = semi latus rectum o f  o r b i t  

e = e c c e n t r i c i t y  o f  o r b i t  

(11 = argument o f  per igee 

n = r i g h t  ascension o f  ascending node 

i = i n c l i n a t i o n  of o r b i t  

!J = argument of per igee 

i = i n c l i n a t i o n  o f  o r b i t  

hp = he igh t  of per igee ahove Ear th  

ha = he ight  of apogee ahove Ear th  



For K(50) = -1: 

C Index Un i t s  De fau l t  D e f i n i t i o n  - 
1 108 deg 0.0 Az = i n e r t i a l  azimuth 

1111* deg 0.0 a = l ong i t ude  

1112 km I). 0 Ri = geocent r ic  rad ius  

1113 krnlsec 0.0 Vi = i n i t i a l  v e l o c i t y  

1114 deg 0.0 y = f l i g h t  path angle 

Launch Date 

Launch date ( i n i t i a l  t ime)  can be inpu t  e i t h e r  as J u l i a n  date (C(542)) o r  
as calendar date (C(1115)-C(1120) ): 

C Index Un i t s  De fau l t  

542 days 0.0 

D e f i n i t i o n  -- 
Jul i a n  date 

1115 years AD 0.0 Year 

1116 months 0.0 Non t h 

11 17 days 0.0 nay 

1118 n o u n  0.0 Hour 

1119 minutes 0.0 Minute 

1120 s ec 0.0 Second 

Seldom used elements o f  C are: 

C Index Un i ts  De fau l t  -- D e f i n i t i o n  -- 
564 - - 0.0 Ro ta t ing  atmosphere f lag.  

C(564) = 1.0: Uses r o t a t i n g  atmosphere 
C(564) - 0.0: Uses con- rc ta t ing  

atmosphere 

Re .0004 Change i n  semimajor ax i s  o f  o r b i t  ( ~ a )  a t  
which t o  red:~ce computation and p r i n t  
i n t e r v a l s  t o  one. When M X ( 5 6 5 )  from 
one o r b i t  t o  the  next, ~ (2 )nd  K ( l 0 )  a re  
set  equal t o  one. 



F l a g  f o r  computing gamma i n  drag 
c a l c u l a t i o n  (see ref.  2. f o r  d e f i n i t i o n  
of gamma ) . 
C(566) = 1.0: Gamma computed 
C(566) = 0.0: Gamma = 1.0 

When gamma i s  computed, i t should appear 
i n  t h e  i n t e g r a n d  i n  t h e  o r b i t a l  
i n t e g r a t i o n s .  However, i n  t h e  program, i t  
appears o u t s i d e  t h e  i n t t g r a l  as a  
m u l t i p l i e r ,  so choosing t o  have gamma 
computed does n o t  n e c e s s a r i l y  g i v e  b e t t e r  
r e s u l t s  than l e t t i n g  gamma = 1. 

AV k i c k  a t  per igee.  

SANPLE CASES 

Tdhles 1, 2, and 4-11 c o n t a i n  i n p u t  and ou tpu t  f i l e s  f o r  each o f  f i v e  
sample cases. Table 3  i s  a  l i s t i n g  o f  t h e  p l o t  data f i l e  f o r  case 1, and f i g .  
1 i s  t h e  cor respond ing l i f e t i m e  p l o t .  The f i r s t  f o u r  cases represent  t h e  NASA 
Space S t a t i o n  Reference C o n f i g u r a t i o n  ( re f .  8) i n  a  590 km (270 nmi ) c i r c u l a r  
orh.: 't. Case 5  represents  a  spher i ca l  s a t e l l i t e  i n  a  600 km by 900 kkm p o l a r  
o r b i t .  Each case i l l u s t r a t e s  severa l  i n p u t  and output  opt ions .  

Case 1 

Table 1 shows t h e  i n p u t  f i l e  f o r  sample case 1. I n t e g e r  data f o r  t h e  K 
a r r a y  appear i n  t h e  f o u r t h  l i n e :  

K ( l )  = 999999 = Maximum o r b i t  number: g ives  e n t i r e  l i f e t i m e .  

K(2)  = 10: Ca lcu la tes  every 10 o r b i t s .  

K(10) = 100: P r i n t s  every 100 o r b i t s .  

K(71) = 1: 2  Inc ludes J te rm i n  Ear th  ohlateness c a l c u l a t i o ~ .  2 

K(50) = 1: Se lec ts  o r b i t a l  i n p u t  o p t i o n  where C(539), 
C(541;, C(1111), C(1121), and C(1122) must be i n p u t .  

K(54) = 1: + 20 f l u x  p r e d i c t i o n s  l~sed.  

Real da:3 f o r  t h e  C a r r a y  appear i n  t h e  f i f t h  through seventh l i n e s :  

Spacecraf t  : 

C(531) = 0.1543 = kAR/M f o r  re fe rence  c o n f i g u r a t i o n  

C(532) = 0.1365 = CDAD/2M f o r  reference c o n f i g u r a t i o n  



C(539) = 0.0 = argument o f  perigee 

C(541) = 28.5 = i n c l i n a t i o n  

C(1111) = 0.0 = longi tude 

C(1121) = 500.0393 = height  o f  per igee above Ear th 

C(1122) = 500.0393 = height o f  apogee above Earth 

This i s  a c i r c u l a r ,  500 km o r b i t ,  i n c l i n e d  28.5O t o  the  equator. 

Launch date: 

C(1116) - 6.0 = month 

C(1117) = 1.n = day 

C(1120) = 1.0 = second 

C(1115) = 1991.0 = year 

Launch i s  1 second a f t e r  midnight June 1, 1991. This launch date 
corresponds t o  f l i g h t  dur ing a maximum i n  so la r  a c t i v i t y  and thus, a 
maximum i n  atmospheric densi ty  (see Appendix B). 

Table 2 i s  a l i s t i n g  o f  t he  output f i l e  generated f o r  case 1. The f i r s t  
four  l i n e s  on the f i r s t  page repeat the K and C values and array ind ices tha t  
were input.  The next p r i n t e d  l i n e  l i s t s  the  Ju l i an  and calendar dates (GYT i s  
Greenwich mean time). Next i s  the heading from the input  ( t h i s  i s  the only  
place where the  heading appears). Fol lowing the heading i s  a l i n e  which 
repeats in format ion from the f i r s t  l i n e  o f  the inpu t  f i l e :  

NUR = run number 

NK = number o f  l i n e s  conta in ing K array data 

NC = number o f  l i n e s  conta in ing C array data 

NH = number of  l i n e s  conta in ing character data 

The f i n a l  th ree  l i n e s  on the f i r s t  page o f  output d isp lay  i n i t i a l  values of 
some variables and some constants: 

RAM = kAR/M, c m ' ~ ~  

XP = i n i t i a l  semilatus rectum o f  o r b i t ,  Re 



XE = i n i t i a l  eccen t r i c i t y  o f  o r b i t  (Note tha t  although height  of 
perigee and apogee are equal the  i l . x ~ t ,  XE i s  not  i d e n t i c a l l y  
zero. XE i s  set equal t o  10' i n  thc  program t o  avoid 
problems associated w i t h  d i v i s i o f  b:~ :ero.) 

XOMEGD = i n i t i a l  argument of perigee, de(j. 

XASCND = i n i t i a l  r i g h t  ascension o f  ascending node, deg. 

XOINCD = i n i t i a l  i n c l i n a t i o n  o f  o r b i t ,  (ley. 

XDAY = i n i t  i a1 number o f  days s i  nce m i  dni gh- , 12!30/57, days 

PSID = angle between equator ia l  and e: - l ip t i t .  planes, deg. 

DH = a1 t i t u d e  below r h i c h  spacecraft i s  considered t o  have reached the  
Earth, 10 m 

GM 3 2 = universal g rav i t a t i ona l  constant times Earth mass, cm /sec 

RE = Earth radius, is 

0 S = angular ve loc i t y  o f  Earth about Stm, radlday 

RADP = so la r  rad ia t i on  pressure a t  Earth s surface, dynelcm 2 

The second page of p r i n tou t  begins a tab l t  which l i s t s  various o r b i t  
parameters as they evolve: 

J = w b i t  number 

P = semilatus rectum o f  o r b i t ,  Re  

E = eccen t r i c i t y  o f  o r b i t  

OMEGAD = argument o f  perigee, deg. 

ASCND = r i g h t  ascension o f  ascending node, deg. 

OINCD = i n c l i n a t i o n  o f  o rb i t ,  deg 

M.J.D. = modified Ju l i an  date, days 

A = semimajor ax is  of o r b i t ,  Re 

HTPER = height of perigee above Earth, Re 

DAY = number o f  days since launch, d a y  

ALT. = height of perigee above Earth. nni 

V1D = t r u e  anomaly on enter ing  Earth 's  shadow, de~l. 

V2U = t r u e  anomaly on leaving Earth's shadoh.. ~ z g .  ( I f  V1D = V2D 

= -777.7777, the spacecraft does not ~ n t e r  the  Earth 's  shadow.) 

A f t e r  p r i n t i n g  values f o r  t.he i n ;  :ia; w b i  t (whose o r b i t  number i s  a), 
t he  program p r i r t s  in format ion about st,l w f l ux .  It then continues 
ca l cu la t i nq  and p r i n t i n g  a t  the speci f;ed i n t e r v a l s  u n t i  1 the next ca l cu la t i on  
would ei th?.!r  b r i ng  the spacecraft below 63 km or change the  semimajor ax is  by 
more than 0.0004 Re (de fau l t  i a i u e  f o r  C(565)). I f  e l  ther  o f  these condi t ions 



i s  met, the  c a l c u l a t i o n  and p r i n t  i n t e r v a l s  are reduced t o  one and t he  
ca l cu la t i ons  resume. For case 1, t h i s  occurs a f t e r  o r b i t  3560; see Tahle 2. 
When the  spacecraft  reaches the  Earth, t he  program p r i n t s  out t he  f i n a l  o r b i t  
number, "SATELLITE I S  DOWN," f i n a l  modi f ied J u l  i a n  date, semimajor axis, 
he ight  o f  perigee, and end o f  run statement. I t  a lso  p r i n t s  t he  t o t a l  
l i f e t i m e  i n  days (230.5 f o r  t h i s  case) and l i n e a r  decay r a t e  i n  nau t i ca l  mi les 
per  day from i n i t i a l  per igee a l t i t u d e  t o  200 nau t i ca l  miles. 

Table 3 i s  a l i s t i n g  o f  the  p l o t  data f i l e  generated f o r  case 1. The 
f i r s t  number i s  the number o f  po in ts  the f i l e  contains. Each fo l low ing  l i n e  
cons is ts  o f  t ime s ince launch i n  days and p e r i g e ~  a l t i t u d e  i n  nau t i ca l  m i les ;  
these are t he  same numbers t h a t  appear i n  the  output l i s t i n g  under "DAY" and 
"ALT." The data i n  Table 3 are shown o l o t t e d  i n  f i gu re  1. The p l o t  i t s e l f  
was generated using a separate p l  o t t  i ny program. 

The run t ime f o r  case 1 was 14 minutes and 49 seconds (CPU t ime on t h e  
VAX 11/785). 

Case 2 

Table 4 shows the input  f i l e  f o r  s a m p l ~  Case 2. This i s  the same 
spacecraft, o r b i t ,  and launch date as case 1, wi th  some d i f f e r e n t  options. 
The o r b i t  i s  spec i f i ed  according t o  K(50) = 0 ra ther  than 1, so 
C(537) - C(541) are given. Launch date i s  inpu t  as Ju l i an  date, C(542), 
r a the r  than calendar date. Other d i f fe rences  are: 

K(82) = 1: P r i n t s  t ime i n  shadow Fer o r b i t .  

K(5) = 5: Uses f i v e  Gaussian quadratures i n  drag ca lcu la t ion .  

K(14) = 2000 and K(15) = 50: A f t e r  o r h i t  2000 p r i n t s  every 50 o r b i t s .  

Table 5 shows t he  output generated f o r  case 2. The t ime i n  shadow i s  now 
p a r t  o f  t he  output, and the  p r i n t  i n t e r v a l  i s  reduced t o  50 a t  o r b i t  2000. 
The t o t a l  l i f e t i m e  i s  232.3 days, e s s e n t i a l l y  the same as f o r  case 1; the 
s l i g h t  d i f f e rence  i s  due t o  us ing f i v e  Gaussizn quadratures (K(5 ) )  f o r  drag, 
r a the r  than the s i x  used bv de fau l t  f o r  case 
Gaussian quadratures i s  a reduc t ion  i n  run t 
12 minutes and 26 seconds. 

1.  n not her e f f e c t  of us ing f i v e  
me: CPU t ime fo r  case 2 was 

Case 3 -- 
Table 6 shows the  inpu t  f i l e  for  sample 

s ~ a c e c r a f t  and o r b i t  as cases 1 and 2, but a 
case 3, which has the  same 
d i f f e r e n t  launch date, January 1, 

1997. As can be seen i n  Appendix 0,  the l a t e  1990's are character ized b y -  
lower so la r  a c t i v i t y  than t he  e a r l y  19901s, when t he  l.wnch date f o r  cases 1 
and 2 occurs. Because o f  t h i s ,  atmospheric dens i ty  i s  lower and the t o t a l  
o r b i t a l  l i f e t i m e  w i l l  be longer. Therefore, t o  reduce run t ime and amount of 
p r i n t o u t ,  the  ca l cu la t i on  i n t e r v a l  K ( 2 )  was increased t o  40 and the  p r i n t  
i n t e r v a l  ~ ( 1 0 )  was increased t o  200. Also, the number o f  Gaussian quadratures 
( K ( 5 ) )  i s  f i v e  as i n  case 2. 

Table 7 shows the  output l i s t i n g  f o r  case 3. The t o t a l  lSfet ime i s  1408 
days, longer  than cases 1 and 2, as expected. 

Run t ime was 19 minutes and 5 seconds. 
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Case 4 

Table 8 i s  the i npu t  f i l e  f o r  case 4. It represents t he  same spacecraft, 
o r b i t ,  and launch date as case 3, but  uses nominal s o l a r  f l u x  p red i c t i ons  
(K(54) = 0) r a the r  than t he  +20 f l u x  used i n  case 3. Nominal f l u x  p red i c t i ons  
represent an average case; +20 values represent worst case. Therefore, the  
atmospheric dens i ty  i s  lower than i n  case 3, and t he  l i f e t i m e  i s  longer (1950 
days), as can be seen i n  Table 9. Case 4 uses an add i t i ona l  output  opt ion:  
K(20) = 200 and K(22) = 1000, which generates long  output  every 200 o r b i t s  
through o r b i t  1000. The long  output here cons is ts  o f  seven l i nes ,  t h e  f i r s t  
o f  which i s  i d e n t i c a l  t o  t he  normal output and corresponds t o  the  p r i n t e d  
column headings. The second l i n e  i s  not labeled; the re  are twelve numbers 
l i s t e d ,  and they are ( l e f t  t o  r i g h t ) :  

Distance t o  per igee from center  o f  Earth, 10' cm 
Change i n  l o g  of pe r iod  f o r  one o r b i t  
Period, days 
Zero 
Zero 
True long i tude  of sun, deg. 
S i x  Zeroes 

Each o f  the l a s t  f i v e  long o ~ l t p u t  l i n e s  l i s t s  the  changes over one o r b i t  
i n  e i g h t  parameters o f  t h e  o r b i t  due t o  a s p e c i f i c  pe r tu rba t ion :  

RADPR = so l a r  r a d i a t i o n  pressure 
DRAG = atmospheric drag 
EARTH = Earth oblateness 
MOON = Moon's g r a v i t y  
SUM = Sun's g r a v i t y  

The e i gh t  changes are:  

D(P) = change i n  semilatus rectum, Re 
WE) = change i n  e c c e n t r i c i t y  
D (OMEGAD) = change i n  argument o f  perigee, deg. 
D (ASCND) = change i n  r i g h t  ascension o f  ascending node, deg. 
D(O1NCD) = change i n  i n c l i n a t i o n ,  deg. 
@(A) = change i n  semimajor axis, R e  
D(LOG(PER1OD)) = change i n  l o g  o f  pe r i od  
D (HTPER) = change i n  he ight  of per igee above Earth, R e  

Run t ime was 25 minutes and 56 seconds. 

Case 5 

The i npu t  f i l e  f o r  sample case 5 i s  shown i n  Table 10. The spacecr-dft 
and o r b i t  are  d i f f e r e n t  from the  f i r s t  f ou r  cases: CDAO/W = kAR/M here, 
which might represent a spher ica l  spacecraf t  (equal p ro jec ted  areas fo r  drag 
and s o l a r  r a d i a t i o n  pressure) w i t h  C = 2.0 and k = 1.0. The o r b i t  i s  P e l l l p t l c a l ,  600 km by 900 km, and po ar ;  i.e. the  i n c l i n a t i o n  i s  Launch 
date i s  February 13, 1985. +2q so la r  f l u x  i s  used (K(54) = I ) ,  and J terms 
are no t  inc luded i n  t he  Ear th  ohlateness ca l cu l a t i ons  (K(71) = 0). ~ 4 e  
rnaxim~~m o r b i t  number (K(1)) i s  20,000. 



Table 11 shows the output f i l e  for case 5. From the DAY and ALT columns, 
i t  i s  c lea r  tha t  t h i s  i s  a very slowly decaying o rb i t - - t he  perigee drops by 
l ess  than a naut ica l  m i l e  i n  almost 4 years. This i s  because the atmospheric 
densi ty  i s  extremely low a t  t h i s  o r b i t ' s  a l t i tudes .  

Note tha t  f o r  some o rb i t s ,  V1D and V2D are -777.7777. This ind icates 
t h a t  the  spacecraft never enters the Earth's shadow dur ing these orb i ts .  

As spec i f ied  by the input, the run terminates a f t e r  20,000 orb i ts ,  before 
the  spacecraft reaches the  Earth. Therefore, l i f e t i m e  and decay ra te  are not 
pr in ted.  A p l o t  f i l e  i s  s t i l l  generated. 

Run t ime for  case 5 was 22 minutes and 32 seconds. 

C W E N T S  ON PROGRAM OPERATION 

I n  the  discussion o f  the sample cases, the consequences o f  mak 
input  choices were pointed out. A few are repeated here along w i th  
in format ion t o  keep i n  mind when running the QL program. 

i ng  cer ta  
other 

The OL program takes a r e l a t i v e l y  long time t o  run, and thus should be 
run i n  batch mode ra ther  than i n te rac t i ve l y .  The run times f o r  the sample 
cases were on the order o f  about 20 CPU minutes. Actual turnaround times 
averaged a b o ~ t  1 hour when the  computer had few users. The main cont r ibu tor  
t o  the long execution time i s  the i n teg ra t i on  scheme i n  the atmospheric 
density model ( func t ion  RHA) used f o r  the drag ca lcu la t ions  (subrout ine 
DRAG1). Therefore, one way t o  reduce run t ime i s  t o  reduce K(5), the number 
of Gaussian quadratures used i n  the  drag calculat ion,  as was done i n  sample 
case 2. Case 1 used the de fau l t  s i x  quadratures; case 2 used f i v e  quadratures 
fo r  the same o r b i t  and the run t ime was reduced by about a s ix th .  Some 
accuracy was l os t ,  but the d i f ference i n  t o t a l  l i f e t i m e s  f o r  the two cases was 
less than 1 percent. It should be noted tha t  the o r h i t  was c i r c u l a r  f o r  these 
cases and an e l l i p t i c a l  o r b i t  would be more sens i t i ve  t o  a lower K(5). 

Another way t o  cont ro l  run t ime i s  through the choice o f  the ca l cu la t i on  
i n t e r v a l  K(2), since run t ime i s  a ~ p r ~ x i m a t e l y  propor t ional  t o  K(2). I t s  
choice should be governed by expect, J 1 i fetime, which depends p r imar i l y  on 
these factors: 

CDAD/2M: Drag increases w i th  CDAD/2M, so the higher i t s  value, the 
shor ter  the l i fe t ime.  

A1 t i  tude: Atmospheric density +creases roughly exponenti a1 l y  
as a1 t i t u d e  increases, so 1 i f e t i m e  increases w i t h  
increasing i n i t i a l  a l t i t ude .  For very high a l t i tudes ,  the 
OL program ca lcu la t ions  may not be sens i t i ve  enough fo r  the 
o r b i t  t o  decay a t  a1 1. 

Launch date: Atmospheric densi ty  var ies by as much as an order o f  
magnitude throughout the 11-year so lar  cycle. As so la r  
f lux  increases, densi ty  increases, so a launch dur ing h igh  
so la r  a c t i v i t y  resu l t s  i n  a shor ter  l i f e t i m e  than a launch 
dur ing 1 ow so lar  a c t i v i t y .  Ry current  predict ions, so la r  
a c t i v i t y  w i l l  be high i n  the ea r l y  1990's and low i n  the 
l a t e  1990's (see Appendix R f o r  so la r  f l u x  pred ic t ions  
through November 1998). 



Nominal vs. +25 so la r  f l ux :  Since nominal p red ic ted  f l u x  values 
represent the  50th p e r c e n t i l e  and +20 values represent t he  
97.7th gercen t i le ,  +20 values g ive  shor te r  l i f e t i m e s  than 
nominal values (see sample cases 3 and 4). 

The f o l l o w i n g  f ac to r s  do not s t r ong l y  a f f e c t  t o t a l  l i f e t i m e :  kAR/M, 
2 exact day and t ime of launch, i n c l u s i o n  o f  J2 term i n  Ear th 's  g r a v i t y  model, 

and i n i t i a l  values o f  a,  U, and n. 

As mentioned i n  the inpu t  format sect ion, the  e f f ec t s  of i n d i v i d u a l  
per tu rba t ions  may he de leted by us ing  K(111) - K(118). Using these w i l l  not  
e l im ina te  any ca lcu la t ions ,  so they cannot be used t o  reduce run time. 
Hovever, t he  so la r  r a d i a t i o n  pressure and drag ca l cu la t i ons  can be e l im ina ted  
by s e t t i ~ g  kAR$M (C(531)) and CDAD/ZM (C(532)), respect ive ly ,  t o  values less  
t h a n 1 0  g/cm. 

For the  drag and r a d i a t i o n  pressure ca lcu la t ions ,  t he  s a r i  CoAD/2M and 
A R / M  values are used throughout t h e  e n t i r e  l i f e t i m e  and, i n  p a r t i c u l a r ,  
throughout each o r b i t .  Therefore, i f  the p ro jec ted  area o f  the  spacecraft i s  
expected t o  change, t h e  area inpu t  t o  t he  program must be an average area. 
Sample cases 1-4 represent the NASA Space S ta t i on  Reference Conf i gurat i o n  
(ref. 8), which has s o l a r  ar rays which t rack  t he  Sun. The s o l a r  ar ray 
p ro jec ted  areas used were averaged over an o r b i t .  

The OL program w i l l  n ~ t  run c o r r e c t l y  f o r  dates e a r l i e r  than t he  f i r s t  
date i n  t he  f l u x  data f i l e  ( f o r  the f l u x  data l i s t e d  i n  Appendix B, t h a t  date 
i s  January 15, 1984). To run the  program f o r  e a r l i e r  dates, the  f l u x  f i l e  
must be changed t o  inc lude  those dates. Dates l a t e r  than the  end of the f l u x  
data pose no problem because t he  s o l a r  cyc le  i s  assumed t o  repeat as 
necessary. 

M u l t i p l e  cases may be executed i n  a s i ng le  run by combining i npu t  f o r  the  
cases consecut ive ly  i n  one i npu t  f i l e .  This op t i on  i s  not  recommended because 
t he  run t ime i s  the sum of the i n d i v i d u a l  cases run t imes; i t  i s  fas te r  t o  
submit tt - cases separately and l e t  them run concurrent ly.  

CONCLUDING R E M K S  

This paper descr ibed t he  LaRC O r b i t a l  L i f e t i m e  program, which i s  used t o  
p r e d i c t  o r b i t a l  l i f e t i m e s  and decay ra tes  o f  Ear th-orb i  t i n g  spacecraft. The 
i n p u t  and output were described i n  d e t a i l ,  and several  sample cases were 
included. Fur ther  in fo rmat ion  can be obtained from the  Spacecraft Analysis 
Branch, Space Systems D i  v is ion,  NASA LaW. 
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APPENDIX A. OL PUOGRAH ROUTINES 

The FORTRAN program u n i t s  i n  t h e  OL program are: 

PROGRAM LIFTIME: Main program. Opens f i l e s  and c a l l s  t he  subrout ines which 

conta in  the  pe r t u rba t i on  c a l c u l a t i m s ,  

SUBROUTINE SETUP: I n i t i a l i z e s  constants and sets de fau l t s .  

FUNCTION TLONG: Calcu la tes t r u e  long i tude  o f  the  Sun (used i n  Ear th  

shadow ca l cu l a t i ons ) .  

RLOCK DATA: Contains a l t i t u d e s  and dens i t i e s  from 1976 Standard 

Atmosphere be1 ow 90 km. 

SURROUTINE INPUT: Reads user ' s  input  f i l e  con ta in ing  case-speci fi c data and 

sets  d p  i n i  t i  a1 values o f  case-speci f i c  p rogram var iab les.  Wri tes i n i  t i  a1 

in fo rmat ion  t o  output f i l e .  

SURROUTINE OUTPUT: Wri tes output  f i l e  and p l o t  f i l e .  

SUBROUTINE SHADOW: Calcu la tes t r u e  anomalies on en te r ing  and leav ing  Ear th 's  

shadow (used i n  so l a r  r a d i a t i o n  pressure ca l cu l a t i ons  ). 

SUBROUTINE RAOPR: Calcu la tes changes i n  o r b i t a l  elements due t o  so l a r  

r a d i a t i o n  pressure. 

FUNCTIOfi TDIST: Calcu la tes d is tance from Earth t o  S I J ~  (used i n  so la r  

r a d i a t i o n  pressure ca l cu l a t i ons ) .  

SURROUTINE EARTH: Calculaces changes i n  o r b i t a l  elements due t o  g r a v i t a t i o n a l  

e f f ec t s  of Ear th  oblateness. 

SIJBROUTINE MOON: (:a1 cu l  ates changes i n  o rh i  t a l  elements due t o  g r a v i t a t i o n a l  

e f f e c t s  of t he  Moon. 

SlJRROUTlNE SUN: Calcu la tes changes i n  o r b i t a l  elements due t o  g r a v i t a t i o n a l  

e f f ec t s  of t he  Sun. 



SUBROUTINE M I A G l :  Calculates changes i n  o r b i t a l  elements due t o  atmospheric 

drsg. 

FUNCTION RHA: Calculates iitmospheri c dens i ty  (used i n  atmospheric drag 

ca lcu la t ions ) .  

SUBROUTINE CHANGE: Sums a l l  changes i n  o r b i t a l  jfements and ca lcu la tes  new 

o r b i t  parameters. 

SUBROUTINE JULCAL: Converts Ju l i an  date t o  c a l e ~ d a r  date. 

SUBROUTINE C4LJUL:  Converts calendar date t o  Ju l i an  date. 

SUBROUTIY'. LUXIN:  Reads so la r  f l u x  and geonagneti c index pred i  c t i nns  from 

f l u x  f i l e .  



APPENDIX 8. SOLAR FLUX MTA 

Table R . l  i s  a  copy o f  t h e  f l u x  data f i l e  created from the  June 1985 

update o f  so l a r  f l u x  and geomagnetic index data obtained from t h e  NASA 

Marshal 1  Space F l i g h t  Cenler (MSFC). The f i r s t  l i n e  cons is ts  o f  seven 

numbers: t he  year  and m n t h  t he  data begin (January 1984), t he  year  and month 

t' le data end (November 1998), t he  year  and month t h e  data were updated by MSFC 

(June 1985), and t he  number o f  data po in t s  (179). Each o f  t he  remaining l i n e s  

con ta ins  t h e  year  and month (day i s  assumed t o  be t h e  15th), fo l l owed by t h e  

+20 and nominal p r e d i c t i o n s  o f  t he  10.7 crn s o l a r  f l u x  F1,*, and the  +20 and 

noni na l  p red i c t i ons  of the geomagnetic index, Ap, respec t i ve ly .  I n  t he  t ah le ,  

f o r  the  dates January 1984 through May 1985, ac tua l  measured monthly means of 

Floe, and Ap appear. Recause these a re  ac tua l  values and no t  p red ic t ions ,  

t h e r e  S J  no d i s t i n c t i o n  between nominal and +2u values. The p red i c t i ons  begin 

f o r  June 1985. 











APPENDIX C. ORBITAL INPUT OPTIONS 

Symho 1 s 

I n e r t i  a1 azimuth, measured p o s i t i v e  c lockwise from nor th ,  deg. 

Semimajor ax i s  o f  o r b i t ,  Re 

E c c e n t r i c i t y  o f  o r b i t ,  d imensionlzss 

Height o f  apogee above Earth, km 

Height o f  per igee above Earth, km 

I n c l i n a t i o n  of o r b i t ,  deg. 

OL program FORTRAN ar ray  con ta in ing  i n t e g e r  data 

Semilatus rectum o f  o r b i t ,  Re 

Ear th  rad ius,  6.378145 x 10' cm 

I n i t i a l  geocent r ic  rad ius,  km 

True anomaly, deg. 

I n e r t i a l  v e l o c i t y  o f  spacecraf t  i n  d i  r e c t  i on o f  f l i g h t ,  km/ sec 

Square o f  t he  f r a c t i o n  o f  l o c a l  c i r c u l a r  o r b i t  v e l o c i t y  a l  Si, 

d ivens ion less 

I n e r t i a l  f l i g h t  path angle, deg. 

Number o f  days s ince January 1.0, 1965 Universa l  Time, days 

F r c . ? i o n  o f  day measured from Greenwich midn ight ,  days 

I n i t i a l  lcng i tude,  p o s i t i v e  east o f  Greenwich, deg. 

Long i tud ina l  increment hetween ascending node and i n i t i  a1 o r h i  t po in t ,  

deg . 
3 2 Product o f  un ive rsa l  g r a v i t a t i o n a l  constant and Ear th  mass, cm /sec 

I n i t i a l  l a t i t u d e ,  deg. 

R igh t  ascension o f  ascending node, deg. 

Instantaneous r i g h t  ascension of Greenwich meridian, deg. 

Argument o f  per igee, dey. 



Calcu la t ion  o f  O rb i t a l  Elements from Input  

As mentioned i n  t he  Input  Format section, 
the  o r b i t  parameters, corresponding t o  t h ree  v  

there  
a1 ues 

are th ree  ways t o  i npu t  
o f  K(50). 

K(50) = 0: Inpu t  the  o r b i t a l  elements p, e, U, a, and i 
K(50) = 1: Inpu t  U, i, A ,  h and ha 
K(50) = -1: Inpu t  the t r a j e c t g r y  v a r ~ a b l e s  Ar ,  4, 1, Rip Vi, and y. 

If K(50) = 1 o r  K(50) = -1, the  o r h i t a i  elements p, e, U, R, and i are  
ca lcu la ted  as fo l lows (see f ig .  C . l  f o r  o r b i t  geometry): 

For K(50) = 1 

e: a = (hp + ha)*1o5/(2Re) 

e  = (h,*105/~, + l ) / a  - 1 

p: p = a(1-ez) 

U: Input  

R: " = 100.43735 + 0.98561 aTG + 360.98561 a t  
- 1 

= cos (cos ( w  + v)/cos $ )  ^ i  
= nG+ 1 - 'i 

i: Input  

For K(50) = -1 

U: u = s in0 ' (s in  4 /s in  i ) - v  

n: Same as f o r  K(50) = 1 

1: i = cos-'(sin Az cos + )  
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