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ABSTRACT 

The Exp lorer  P la t fo rm (EP) program c u r r e n t l y  comprises two miss ions,  t h e  E x t r e m e  
U l t r a v i o l e t  Exp lo rer  (EUVE) and the  X-ray Timing Exp lorer  (XTE) ,  each o f  which 
cons is t s  o f  a s c i e n t i f i c  payload mounted t o  the  EP. The EP has no o r b i t  mainte- 
nance c a p a b i l i t y .  The EP w i t h  the  EUVE payload w i l l  be launched f i rst.  A t  t h e  
end o f  t h e  EUVE miss ion,  t he  spacecra f t  w i l l  be serv iced  by t h e  Space Transporta- 
t i o n  Sys tem (STS) ,  and t h e  EUVE inst rument  w i l l  be exchanged f o r  t h e  XTE. The XTE 
miss ion  w i l l  con t inue u n t i l  r e e n t r y  o r  r e s e r v i c i n g  by t h e  STS. 
Because t h e  miss ions w i l l  be us ing  the  EP s e q u e n t i a l l y ,  t he  o r b i t  requirements are 
unusua l l y  cons t ra ined by o r b i t  decay ra tes .  The i n i t i a l  a l t i t u d e  must be se lec ted  
so t h a t ,  by t h e  end o f  t he  EUVE miss ion (2.5 years) ,  t he  spacecra f t  w i l l  have de- 
cayed t o  an a l  t i  tude w i t h i n  t h e  STS c a p a b i l i t i e s .  
change must occur  a t  an a l t i t u d e  t h a t  ensures meeting t h e  minimum XTE miss ion  
l i f e t i m e  ( 3  years)  because no STS reboost  w i l l  be a v a i l a b l e .  
Studies were  performed us ing  t h e  Goddard Miss ion  Ana lys is  S y s t e m  t o  es t imate  t h e  
e f f e c t s  o f  mass, c ross-sec t iona l  area, and s o l a r  f l u x  on t h e  f u l f i l l m e n t  o f  m i s -  
s i o n  requirements. I n  a d d i t i o n  t o  r e s u l t s  from these s tud ies ,  conc lus ions a re  
presented as t o  t h e  accuracy of t he  Marshal l  Space F l i g h t  Center s o l a r  f l u x  pre- 
d i c t i o n s .  

I n  a d d i t i o n ,  t h e  payload ex- 
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1.0 INTRODUCTION 

The E x t r e m e  U l t r a - V i o l e t  Explorer (EUVE) w i l l  be housed on the Explorer P lat form 
(EP) and launched i n  August 1991. 
scenario: 

This study i s  based on the f o l l o w i n g  mission 

A f t e r  a nominal 2.5-year mission, the Space Transportat ion Sys tem (STS) w i l l  
rendezvous w i t h  the  EP and replace the EUVE payload w i t h  the X-ray Timing 
Experiment (XTE). 
add i t i ona l  3 years. 

I t  i s  assumed t h a t  XTE w i l l  remain i n  o r b i t  f o r  a t  l e a s t  an 

During the 5.5-year combined EP l i f e t i m e ,  the spacecraft a l t i t u d e  w i l l  g radual ly  

decrease, p r i m a r i l y  because o f  the e f f e c t s  o f  atmospheric drag. This gradual de- 
crease i n  a l t i t u d e  over t i m e  i s  c a l l e d  o r b i t  decay. 

The EP has no propuls ion system and, thus, no c a p a b i l i t y  o f  boost ing t o  a higher 
a l t i t u d e .  
change; therefore,  the EP o r b i t  over the e n t i r e  5.5 years w i l l  be determined by 
the i n i t i a l  EUVE a l t i t u d e  and by the r a t e  o f  o r b i t  decay. 

No plans c u r r e n t l y  e x i s t  t o  r a i s e  i t s  o r b i t  dur ing the payload ex- 

To ensure t h a t  the second payload, XTE, remains i n  o r b i t  f o r  i t s  nominal mission 
l i f e t i m e ,  EUVE must be placed i n  an i n i t i a l  o r b i t  t h a t  i s  h igh enough t o  prevent 
the EP from reen te r ing  f o r  a t  l e a s t  5.5 years a f t e r  launch. Because the current  
maximum rendezvous a l t i t u d e  f o r  the STS i s  500 k i lometers (km), the EP o r b i t  must 
decay t o  500 kin o r  l e s s  by the end o f  2.5 years t o  a l l ow  f o r  payload changeout. 
The purpose o f  t h i s  study was t o  determine the cons t ra in t s  placed on t h e  i n i t i a l  
EUVE a l t i t u d e  by the combined mission requirements. The study was performed by 
modeling the o r b i t  decay over a range o f  condi t ions t o  determine i n i t i a l  a l t i t u d e s  
(EUVE epoch a1 t i  tudes) t h a t  would meet a1 1 a1 ti tude requirements. 

2.0 ANALYSIS 

The r a t e  o f  decay o f  a spacecraf t 's  o r b i t  i s  approximately p ropor t i ona l  t o  the 
decel-erat ion due t o  aerodynamic drag, FD/m, where FD i s  the aerodynamic drag 
fo rce  and m i s  the spacecraf t  mass. FD/m i s  given by 
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where the r a t i o  i n  parentheses i s  genera l ly  r e f e r r e d  t o  as the b a l l i s t i c  c o e f f i -  
c i e n t ,  t3. CD i s  the drag c o e f f i c i e n t ,  A i s  the cross-sectional area, p i s  the at -  
mospheric densi ty ,  and V i s  the spacecraft v e l o c i t y  r e l a t i v e  t o  the atmosphere. 
For a spacecraf t  i n  a given o r b i t ,  the fac to rs  i n f l u e n c i n g  the r a t e  o f  o r b i t  decay 
w i l l  be mass, area, drag c o e f f i c i e n t ,  and atmospheric densi ty.  The f i r s t  three o f  

these are convenient ly combined i n t o  the b a l l i s t i c  c o e f f i c i e n t .  

Atmospheric dens i t y  depends on a l t i t u d e  and so la r  f l u x .  During per iods o f  high 

s o l a r  f l u x ,  the upper atmosphere absorbs energy and the atmospheric dens i t y  i n -  
creases. 
c r a f t  parameters, and monthly values o f  the s o l a r  f l u x  t o  compute and i n t e g r a t e  
the equations o f  motion and t o  p r e d i c t  the o r b i t  decay over a s p e c i f i e d  per iod.  
The H a r r i  s - P r i  e s t e r  atmospheric densi ty  model was used. 

The study was performed using three spacecraft cross-sectional areas, three space- 
. c r a f t  mass combinations, and two s o l a r  f l u x  l e v e l s .  I n  a l l  cases, t h e  drag c o e f f i -  

c i e n t  was assumed t o  be 2.2. The mass and area values used are l i s t e d  i n  Table 1. 
These values were used t o  bound the problem u n t i l  s p e c i f i c  design data become 
ava i l ab le .  
and cross-sect ional  area. 

I 

The Goddard Mission Analysis System (GMAS) uses  the i n i t i a l  o r b i t ,  space- 

I 

I 
~ 

This t a b l e  defines the n ine cases a r i s i n g  from combinations o f  mass 

The mass values used are based on each'mission's nominal mass and contingency mass. 
For each mission, the nominal mass was used as a low-mass case, the nominal mass 
p lus  the contingency mass was used as a high-mass case, and the mean o f  these two 
was used as a median-mass case. Whenever one mass case (high, low, o r  median) was 
used f o r  the EUVE p o r t i o n  o f  the mission, the corresponding mass case was used f o r  
the XTE p o r t i o n  o f  the mission. 

The th ree  spacecraf t  areas used were  computed as the estimated spacecraf t  area and 
areas 20-percent higher and 20-percent lower than t h i s  value. 
assumed t o  have the same average cross-sectional area. 
t o  form the n ine cases are l i s t e d  below. 

EUVE and XTE were 
The masses and areas used 

EUVE Mass XTE Mass Spacecraft Area 

- 
(m 2) (ka) (kq) 

2601.4 2844.0 ( low mass) 14.9 (nominal - 20%) 
2814.5 31 14.4 (median mass) 18.6 (nominal) 
3028.2 3387.4 (h igh mass) 22.3 (nominal + 20%) 
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Table 1. Parameters for Each Case Definition 

Ballistic 
Coefficient 

3028.2 

3028.2 

3028.2 8.35 

XTE 

Mass Ball istic 
Coefficient 

(kg) (m2 / k ~ ~ x l O - ~ )  

2844.0 5.76 

2844.0 

2844.0 

3114.4 5.26 

3114.4 I 6'. 57 

3114.4 

3387.4 

3387.4 

3387.4 
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The so la r  f l u x  l e v e l s  used were  based on the August 21, 1987, Marshall  Space F l i g h t  
Center (MSFC) 97.7-percent and 50-percent so la r  f l u x  p red ic t i ons .  
t i o n s  are based on a s t a t i s t i c a l  model using data from a l l  previous s o l a r  cycles.  
I n  p r i n c i p l e ,  there i s  a 50-percent chance t h a t  the actual  so la r  f l u x  w i l l  be below 
the 50-percent p red ic t i on ,  and a 97.7-percent chance t h a t  i t  w i l l  be below the 
97.7-percent p red ic t i on .  
funct ions o f  t i m e .  

The assumptions made i n  t h i s  analys is  are as fo l l ows :  

These predic-  

Figure 1 p l o t s  the so la r  f l u x  p r e d i c t i o n  l e v e l s  used as 

The t o t a l  EUVE/XTE mission l a s t s  5.5 years. 

The EUVE mission du ra t i on  i s  2.5 years, from August 31,. 1991, t o  March 1, 

1994. 

The XTE mission du ra t i on  i s  3 years, from March 1, 1994, t o  March 2, 1997. 

The EUVE spacecraft i s  placed i n  a c i r c u l a r  o r b i t  w i t h  an i n c l i n a t i o n  o f  
28.5 degrees on August 31, 1991. 

The payload changeout occurs on March 1, 1994, and must be performed a t  
o r  below a 500-km a l t i t u d e  by the STS. The EP o r b i t  remains unchanged. 

The EP has no boost c a p a b i l i t y  and receives no boost from the STS. 

The XTE mission must be a t  o r  above 300 km a t  the end o f  the mission 
(5.5 years a f t e r  launch). 
s idered imminent. 

This i s  the a l t i t u d e  a t  which r e e n t r y  was con- 

The f i r s t  p a r t  o f  t h i s  analys is  consisted of determining the maximum and minimum 
EUVE launch epoch a1 t i  tudes fo r  each combination of mass, area, and s o l a r  f l u x .  
The maximum i n i t i a l  a l t i t u d e  was determined by searching f o r  the h ighest  EUVE 
launch a l t i t u d e  t h a t  would decay t o  500 
the EUVE mission).  

The minimum i n i t i a l  a l t i t u d e  was determined by searching f o r  the lowest EUVE epoch 
a l t i t u d e  t h a t  would decay t o  300 
mass was changed t o  the XTE value dur ing the propagation a t  2.5 years from epoch, 
and r e s t a r t e d  f o r  an add i t i ona l  3-year period. 

1 km a t  the end o f  2.5 years ( the  end o f  

2 km a t  the end o f  5.5 years. The spacecraft 

490 



230 220 4% 

80 I 70 Nav-90 

END OF 

0 97.7% FLUX PREDICTS + 50% FLUX PREDETS 

MSFC Solar Flux Pred ic t ions  as o f  August 2 1 ,  1987 F igure  1 .  

49 1 



The maximum and minimum a l t i t u d e s  def ine an a l t i t u d e  band f o r  each mass-area-flux 

combination; any a l t i t u d e  w i t h i n  the band w i l l  meet  the mission requirements f o r  
the f l u x  l e v e l  used. 

The 97.7-percent s o l a r  f l u x  l e v e l  i s  commonly used f o r  mission planning as a 

worst-case scenario because the o r b i t  decays f a s t e r  a t  a higher f l u x  l e v e l ,  and 
thus the mission l i f e  i s  shorter.  However, because one EUVE/XTE mission requi re-  
ment i s  t h a t  the EUVE spacecraft a l t i t u d e  be 500 km o r  l e s s  a f t e r  2.5 years, plan- 
n ing w i t h  the 97.7-percent so la r  f l u x  l e v e l  can mean t h a t  t h i s  goal i s  no t  met.  
If the f l u x  l e v e l  i s  a c t u a l l y  much lower, 50-percent f o r  example, the atmosphere 
w i l l  be l e s s  dense than predicted, and the o r b i t  decay w i l l  be slower. Thus, the 
s a t e l l i t e  would be above the 500-km maximum payload changeout a l t i t u d e  a f t e r  
2.5 years. 
97.7-percent and the 50-percent so la r  f l u x  l eve l s ,  were  determined f o r  use i n  m i s -  
s ion planning f o r  each mass and area combination. 

The second p a r t  o f  the study consisted o f  recomputing a l l  the previous cases, using 
the exact same parameters i n c l u d i n g  the i n i t i a l  a l t i t u d e s ,  except t h a t  the f l u x  
l e v e l  was changed t o  the a l t e r n a t e  l e v e l .  That i s ,  a l l  runs made a t  the 
97.7-percent s o l a r  f l u x  l e v e l  were remade using the 50-percent so la r  f l u x  l e v e l ,  
and v i c e  versa. The purpose o f  t h i s  h a l f  o f  the analys is  was t o  i l l u s t r a t e  the 
e f f e c t s  on p lanning w i t h  p o t e n t i a l  s o l a r  f l u x  p r e d i c t i o n  e r r o r  l eve l s .  These cases 
are the "what i f "  cases; they show what happens i f  the mission i s  planned using 
too  h igh o r  too low a s o l a r  f l u x  l e v e l  and i n d i c a t e  the c r i t i c a l  nature o f  the 
s o l a r  f l u x  i n  mission planning, p a r t i c u l a r l y  near launch t i m e ,  when commitment t o  
a f i n a l  launch a l t i t u d e  w i l l  be made. 

The purpose o f  the t h i r d  sect ion of the analys is  was t o  examine the accuracy o f  
the MSFC s o l a r  f l u x  p red ic t i ons  and, i n  p a r t i c u l a r ,  t o  determine whether the d i f -  
ference i n  p red ic ted  and actual  values can be as great  as between the 97.7- and 

50-percent s o l a r  f l u x  p r o f i l e s  used i n  the f i r s t  two p a r t s  o f  t h i s  study. This 
was accomplished by examining MSFC p red ic t i ons  and actual  data f o r  the previous 

so la r  cycle.  Using a 97.7-percent p r e d i c t i o n  and actual  data from s o l a r  cyc le  21, 
maximum and minimum i n i t i a l  a l t i t u d e s  were  determined using the same method out- 
l i n e d  above, assuming a launch on May 1, 1982. This launch date was chosen so 

t h a t  i t  occurred a t  the same place i n  r e l a t i o n  t o  the cyc le  21 s o l a r  peak as the 

For t h i s  reason, two s e t s  o f  a l t i t u d e  bands, corresponding t o  the 
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I 
c u r r e n t  EUVE launch da te  i s  t o  t h e  p r e d i c t e d  s o l a r  peak. Then, as i n  t h e  second 
h a l f  o f  t h e  a n a l y s i s ,  t h e  o r b i t  f rom bo th  i n i t i a l  a l t i t u d e s  was propagated us ing  
the  ac tua l  s o l a r  f l u x  data.  

3.0 RESULTS 

The r e s u l t s  o f  t h e  s tudy  a re  summarized i n  Tables 2 and 3. 
f i r s t  column i n d i c a t e s  t h e  case number, corresponding t o  one mass-area-flux com- 
b i n a t i o n .  Cases w i t h  t h e  same mass and area have the  same numer ica l  p a r t  o f  t h e  
case number (e.g., 1 i n  l A ) ,  w h i l e  those w i t h  the  same f l u x  l e v e l  have t h e  same 
1 e t t e r .  

I n  each t a b l e ,  t h e  

The second column conta ins  t h e  c ross-sec t iona l  area f o r  bo th  spacecra f t  i n  square 
m e t e r s .  The t h i r d  and f i f t h  columns con ta in  the  masses o f  t h e  EUVE and XTE space- 
c r a f t ,  r e s p e c t i v e l y ,  i n  k i lograms.  The f o u r t h  and s i x t h  columns c o n t a i n  t h e  ba l -  
l i s t i c  c o e f f i c i e n t s ,  B, o f  t h e  two spacecra f t  i n  square m e t e r s  pe r  k i logram.  

The seventh column conta ins  the  EUVE epoch i n i t i a l  a l t i t u d e  i n  k i l o m e t e r s .  
maximum a l t i t u d e  i s  on t h e  t o p  l i n e  f o r  each case, and t h e  minimum a l t i t u d e  i s  on 
t h e  second l i n e .  The e i g h t h  and n i n t h  columns c o n t a i n  t h e  a1 t i  tudes a f t e r  
2.5 years and 5.5 years, r e s p e c t i v e l y ,  i n  k i l omete rs .  The t e n t h  and e leventh  c o l -  
umns c o n t a i n  t h e  a l t i t u d e s  reached us ing  t h e  same i n i t i a l  a l t i t u d e  b u t  t h e  a l t e r -  

The 

na te  f l u x  l e v e l .  

F igu re  2 i 11 u s t r a t e s  
bo th  s o l a r  f l u x  l e v e  
f o r  each o f  the n i n e  

t h e  i n i t i a l  a l t i t u d e  band as a f u n c t i o n  o f  area and mass f o r  
s .  The bands shown r e p r e s e n t  t h e  acceptab e a l t i t u d e  range 

cases a t  each f l u x  l e v e l .  

The e f f e c t  o f  area on t h e  a l t i t u d e  range can be seen by comparing consecut ive cases 
t h a t  have the  same spacec ra f t  mass, such as l A ,  2A, and 3A. For t h i s  mass, an 

i n  the  maximum i n i t i a l  a l t i t u d e  r e q u i r e d  and a 28-km d i f f e r e n c e  i n  t h e  minimum 
i n i t i a l  a l t i t u d e .  The l a r g e r  t h e  area, t h e  h ighe r  the  a l t i t u d e  band must be. The 

range, or t h e  s i ze  o f  t h e  a l t i t u d e  band, i s  a l s o  a f f e c t e d  by t h e  area; i t  can be 
seen f o r  t h e  same cases t h a t  t h e  sma l les t  area a l lows a 29-km acceptable a l t i t u d e  
band b u t  t h e  l a r g e s t  area decreases the  acceptable a l t i t u d e  band t o  17 km. 

2 I i nc rease i n  c ross-sec t iona l  area from 14.9 t o  22.3 m causes a 16-km d i f fe rence 

1 
I 

I 

I 
I 
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ORIGINAL PAGE IS 
OF POOR QUALITY 

476.23 
301.55 

470.54 
301.55 

Table 2.  Upper and Lower I n i t i a l  EUVE A l t i t u d e s  a t  97.7-Percent 
Flux Level 

3 536.34 527.79 
504.02 489.10 

542.42 533.02 
516.75 502.18 

* 
spaoecraft- 1 97.7% Solar Flux 50% Solar Flux 

483.58 
301.70 

478.67 
301.26 

EUVE 2.5 Yr 
F@och Altitude 

Alti-  (km) 
(W 

528.26 521.21 
483.72 468.34 

534.22 526.13 , 

498.73 483.78 1 
~~ ~~~ ~~ 

549.66, 499.95 n 522.56 n 436.87 8A 11 18.6 I 3028.2 1 6.75 1 3 3 8 i 4  I 

5.5 Yr 2.5 Yr 5.5 Yr 
Altitude Altitude Altitude 

(W (m (Jm 

479.88 // 532.25 1 524.30 /I 
301.34 494.49 479.16 

11 539.94 473.54 I 531.00 1 
301.88 511.35 496.75 

a t  both flux levels. These initial altituks satisfy requirements * 
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ORIGINAL Pfi.GE 13 
OF POOR QUALITY 

97.7% 

2.5 Yr 
Altitude 
(km) 

445.92 
r 1 . 5 5 ~  

421.15 
r 1 . 4 7 ~  

380.21 
r 1 . 4 0 ~  

r 1 . 5 6 ~  

431.78 
r 1 . 4 8 ~  

402.23 
r 1 . 4 2 ~  

451.91 

457.53 
r 1 . 5 9 ~  

439.65 
r 1 . 5 1 ~  

416.46 
r 1 . 4 4 ~  

T a b l e  3 .  Upper and lower  I n i t i a l  EUVE A l t i t u d e s  a t  50-Percent  
F l u x  Level  

Solar Flux 

5.5 Yr 
Altitude 
om 

373.80 

r 4 . 1 9 ~  

r 3 . 0 7 ~  

401.31 

r 4 . 9 9 ~  

r 3 . 4 8 ~  

418.97 

330.55 

r 4 . 0 0 ~  

11 50 % Solar Flux 

6B 

7B 

8B 

II I 

529.04 499.98 
22.3 2814.5 8.71 3114.4 7.88 495.07 437.22 

519.73* 500.47 
14.9 3028.2 5.41 3387.4 4.84 467.24 413.82 

523.4d 499.99 
18.6 3028.2 6.75 3387.4 6.04 479.94 424.34 

lxlO-3) I lx10-3) II 
14.9 2601.4 6.30 2844.0 5.76 

526.66 499.97 
2B /I 18.6 I 2601.4 I 7.87 I 2844.0 1 7.12 /I 489.25 /I 432.76 

530.98 499.99 
3B 11 22.3 1 2601.4 I 9.43 1 2844.0 1 8.63 /I 500.00 /I 441.70 
4B )I 14.9 I 2814.5 I 5.82 I 3114.4 I 5.26 11 471.64 11 417.83 

524.97 500.00 
5B /I 18.6 I 2814.5 1 7.27 I 3114.4 1 6.57 /I 484.41 /I 428.38 

527.33 499.98 
9B /I 22.3 I 3028.2 1 8.35 1 3387.4 1 7.24 I( 490.50 11 433.04 

5.5 Yr 
Altitude 

(W 

486.U 
299.92 

482.11 
301.39 

477.86 
300.31 

487.45 
300.43 

483.92 
301.78 

400.11 
301.02 

489.16 
299.19 

485.38 
301.19 

481.98 
300.67 

* 
'Ihese initial altitudes satisfy re&remnts a t  bath flux levels. 

NUE: r x.xx yr reentry after x.xx years 
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The e f f e c t  o f  mass on t h e  a l t i t u d e  band i s  a l s o  shown i n  F igu re  2. Comparison o f  

cases l A ,  4A, and 7A shows t h a t  an inc rease i n  mass ( f rom lowest  t o  h ighes t )  causes 
a d i f f e r e n c e  o f  5.25 km i n  maximum a l t i t u d e  r e q u i r e d  and a d i f f e r e n c e  o f  10.71 km 

i n  minimum a l t i t u d e .  An increase i n  mass a l s o  causes a s l i g h t  inc rease i n  t h e  
range o f  acceptable a l t i t u d e s .  
t h e  t o t a l  e f f e c t  o f  t h e  area. 
tude w i t h  i n c r e a s i n g  b a l l  i s t i  c c o e f f i c i e n t .  

The e f f e c t  o f  s o l a r  f l u x  1s a l s o  i n d i c a t e d  i n  F igure  2. 
t h a t  t h e  97.7-percent s o l a r  f l u x  l e v e l  causes t h e  a l t i t u d e  band t o  be h ighe r  than 
t h a t  de f i ned  f o r  t h e  50-percent l e v e l .  Th is  i s  s imp ly  because t h e  s a t e l l i t e  w i l l  
decay f a s t e r  a t  a h ighe r  f l u x  l e v e l ,  and thus t h e  band needs t o  be h ighe r  t o  com- 
pensate. The a l t i t u d e  range i s  a l s o  sho r te r  f o r  t h e  97.7-percent f l u x  l e v e l .  
A l t i t u d e  s e l e c t i o n  i s  l e s s  f l e x i b l e  i f  t h e  97.7-percent s o l a r  f l u x  l e v e l  i s  used, 
and l e s s  room e x i s t s  f o r  o r b i t  i n j e c t i o n  e r r o r .  

F igures 3 and 4 i l l u s t r a t e  o r b i t a l  decay us ing  t h e  97.7-percent and 50-percent 
s o l a r  f l u x  l e v e l s  f o r  t h e  median mass and nominal area cases (5A and 5B). The two 
s o l i d  l i n e s  i n  F igu re  3 show the  o r b i t  decay from t h e  maximum and minimum a l t i t u d e s  
determined us ing  t h e  97.7-percent s o l a r  f l u x  (case 5A). The l i n e s  de f i ned  by t h e  
symbols correspond t o  t h e  50-percent f l u x  l e v e l  and show t h e  o r b i t  decay f rom the  
same a1 ti tudes i f  t h e  s o l a r  f l u x  i s  a c t u a l l y  a t  t h e  50-percent p r e d i c t i o n  l e v e l .  
The miss ion  c o n s t r a i n t s  cannot be m e t  us ing  t h i s  maximum a l t i t u d e  i f  t h e  f l u x  l e v e l  
i s  50-percent, because t h e  s a t e l l i t e  o r b i t  does n o t  decay t o  500 km i n  t h e  2.5-year 
requirement; t h e  minimum a l t i t u d e  shown almost meets t h e  500-km c o n s t r a i n t  w i t h  a 
50-percent s o l a r  f l u x  l e v e l  ( w i t h i n  4 km). The minimum a l t i t u d e s  i n d i c a t e d  w i t h  

an a s t e r i s k  i n  Table 2 meet t h e  miss ion  c o n s t r a i n t s  (1500 km a t  2.5 years and 
2300 km a t  5.5 years)  a t  bo th  f l u x  l e v e l s .  
t h e  97.7-percent f l u x  l e v e l  w i l l  s a t i s f y  the  miss ion  requirements i f  t h e  50-percent 
f l u x  l e v e l  occurs. 

F igu re  4 i s  i d e n t i c a l  t o  F igu re  3, except t h a t  t h e  miss ion  p lann ing  and t h e  a l t i -  
tude band d e f i n i t i o n  were made us ing  the  50-percent f l u x  l e v e l  (case 5B). The 
maximum and minimum a l t i t u d e s  a r e  dep ic ted  by t h e  two s o l i d  l i n e s ,  and the  l i n e s  
de f ined by t h e  symbols correspond t o  t h e  o r b i t  decay i f  a 97.7-percent s o l a r  f l u x  

The t o t a l  e f f e c t  o f  t h e  mass i s  about h a l f  t h a t  o f  
The f i g u r e  shows a u n i f o r m l y  i n c r e a s i n g  epoch a l t i -  

A cu rso ry  g lance shows 

No maximum a l t i t u d e s  determined us ing  
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l e v e l  i s  r e a l i z e d .  I f  t h e  ac tua l  f l u x  l e v e l  i s  97.7-percent, t h e  minimum EP l i f e -  
t i m e  (5.5 years)  may n o t  be m e t  f o r  t h e  e n t i r e  a l t i t u d e  band. 
tudes i n  Table 3 t h a t  can s a t i s f y  both miss ion c o n s t r a i n t s  a re  marked w i t h  an 
a s t e r i s k ;  no minimum a l t i t u d e s  ca l cu la ted  f o r  t h e  50-percent f l u x  l e v e l  m e e t  t he  
miss ion  requirements i f  t h e  f l u x  l e v e l  i s  97.7 percent .  
what may happen i f  t h e  s o l a r  f l u x  l e v e l  i s  n o t  w e l l  known when f i n a l  m iss ion  plan- 
n i n g  occurs. 

The f i n a l  a l t i t u d e ,  a t  t h e  end o f  5.5 years, i s  e x t r e m e l y  s e n s i t i v e  t o  t h e  i n i t i a l  
a l t i t u d e ,  which can be seen by r e f e r r i n g  t o  Tables 2 and 3. 
and nominal area (cases 5A and 581, a comparison o f  t he  o r b i t  decay f rom t h e  maxi- 
mum a l t i t u d e  f o r  case 58 and t h e  m4nimum a l t i t u d e  f o r  case 5A, bo th  w i t h  a 
97.7-percent s o l a r  f l u x  l e v e l ,  shows t h a t  a d i f f e r e n c e  i n  i n i t i a l  a l t i t u d e  o f  
2.85 km can cause a 6-month d i f f e r e n c e  i n  miss ion  l i f e .  Th is  can be seen graphi -  
c a l l y  by comparing l i n e  2 f rom F igure  3 t o  l i n e  3 o f  F igure  4. 
i s  due i n  p a r t  t o  t h e  end a l t i t u d e  o f  300 km; i f  t h e  s a t e l l i t e  reaches 300 km too  
e a r l y ,  i t  w i l l  r e e n t e r  ve ry  r a p i d l y ,  i n  approx imate ly  2 months. Th is  s e n s i t i v i t y  

The maximum a l t i -  

These graphs i n d i c a t e  

For t h e  median mass 

Th is  s e n s i t i v i t y  

t o  i n i t i a l  a l t i t u d e  must be g iven ser ious  cons ide ra t i on  i n  p 
and t h e  area, mass, drag c o e f f i c i e n t ,  and s o l a r  f l u x  must be 
s i b l e .  I t  should be noted, however, t h a t  t h e  s e n s i t i v i t y  i s  
50-percent s o l a r  f l u x  l e v e l  i s  used ( o n l y  4.02 km d i f f e r e n c e  
tude and 5.18 km f o r  t h e  minimum a l t i t u d e  i n  cases 5A and 58 

I 

anning t h e  miss ion,  
as w e l l  known as pos- 
decreased when the  
f o r  t h e  maximum a l t i -  

F igu re  5 shows t h e  minimum and maximum EUVE launch epoch a l t i t u d e s  as a f u n c t i o n  
o f  t h e  EUVE b a l l i s t i c  c o e f f i c i e n t  a t  bo th  f l u x  l e v e l s .  Because t h e  XTE b a l l i s t i c  
c o e f f i c i e n t s  used i n t h i  s s tudy a re  1 i n e a r l y  re1 ated t o  t h e  correspondi ng EUVE 
b a l l i s t i c  c o e f f i c i e n t s ,  t h e  a r b i t r a r y  choice o f  EUVE parameters does n o t  a f f e c t  
t h e  r e s u l t s .  
tude ranges a t  which miss ion  requirements a re  met f o r  t he  two f l u x  l e v e l s .  The 
bands ove r lap  o n l y  i n  a small  reg ion .  Only b a l l i s t i c  c o e f f i c i e n t s  l e s s  than 
0.0068 m2/kg w i l l  m e e t  t h e  requirements a t  bo th  f l u x  l e v e l s ,  and then o n l y  launch 
epoch a l t i t u d e s  o f  approx imate ly  496 t o  518 km can be used. Outs ide t h i s  reg ion,  
a d e v i a t i o n  o f  f l u x  l e v e l  from t h e  p red ic ted  l e v e l  by t h e  amount corresponding t o  
t h e  d i f fe rence between t h e  97.7- and 50-percent l e v e l s  w i l l  r e s u l t  i n  a f a i l u r e  t o  
meet one o r  bo th  o f  t h e  miss ion  requirements. 

I 

I The two bands shown i n  t h i s  f i g u r e  represent  t h e  launch epoch a l t i -  
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Figure 5 shows c l e a r l y  t h a t  successful p lanning f o r  the EP mission requi res an 
unce r ta in t y  i n  f 1 ux-1 eve1 predi  c t i ons  t h a t  i s small e r  than the d i  f ference between 
the 50- and 97.7-percent p red ic t i ons  used i n  t h i s  study f o r  b a l l i s t i c  c o e f f i c i e n t s  
l e s s  than 0.0068. For t h i s  reason, the t h i r d  p a r t  o f  the study was performed, t o  
analyze the accuracy o f  MSFC p red ic t i ons  i n  the past, and t o  determine whether the 
dif ference i n  the 97.7- and 50-percent f l u x  l e v e l s  used above i s  r e a l i s t i c ;  t h a t  
i s ,  i s  i t  poss ib le  t h a t  MSFC p red ic t i ons  used f o r  mission planning can have an 
e r r o r  as great  as t h a t  between the August 1987 97.7- and 50-percent p r e d i c t i o n  
values . 
Figure 6 i l l u s t r a t e s  the previous so la r  f l u x  cyc le  ( cyc le  21) and two s e t s  o f  MSFC 
p red ic t i ons  made f o r  t h a t  cycle.  
monthly values, and the dark l i n e  shows the 13-month smoothed data. 

l i n e s  above the smoothed data l i n e  are the 97.7- and 50-percent p r e d i c t i o n s  made 
i n  A p r i l  1982. 
50-percent p red ic t i ons  made i n  September 1980. I n  both s e t s  o f  p red ic t i ons ,  the 
97.7-percent p r e d i c t i o n s  are higher than the 50-percent p red ic t i ons .  
the s o l a r  peak occurred i n  March 1981. 
a f t e r  the peak, the same t i m e  d i f f e rence  as between the EUVE launch and the pre- 
d i c t e d  s o l a r  f l u x  peak (cyc le  22). 

As shown i n  Figure 6, p red ic t i ons  made 2.5 years before a May 1982 launch would 
have underestimated the s o l a r  f l u x  l e v e l ;  the r e s u l t s  o f  a mission planned using 
the September 1980 97.7-percent so la r  f l u x  p red ic t i ons  would be s i m i l a r  t o  those 
shown i n  Table 3 ( t h e  t o t a l  mission l i f e t i m e  would be shortened considerably). A 
more r e a l i s t i c  scenario f o r  a May 1982 launch would be t o  p lan  the mission using 
s o l a r  f l u x  p red ic t i ons  made as c lose as poss ib le  t o  launch, i n  t h i s  instance, the 
A p r i l  1982 MSFC 97.7-percent p red ic t i ons .  Table 4 shows the i n i t i a l  a l t i t u d e s  

determined f o r  a May 1982 launch using the A p r i l  1982 97.7-percent p r e d i c t i o n  data, 
f o r  the area and mass cases 2, 5, and 8. A f t e r  the i n i t i a l  a l t i t u d e s  were  deter- 
mined, the cases were  rerun using the actual  13-month smoothed so la r  f l u x  data. 
The r e s u l t s  are very s i m i l a r  t o  those shown i n  Table 2 f o r  the same cases, although 
the minimum a l t i t u d e  always meets a l l  mission requirements i n  the cyc le  21 analy- 

s i s .  This suggests t h a t  the dif ference between the A p r i l  1982 97.7-percent pre- 
d i c t i o n s  and the actual  s o l a r  f l u x  i s  c lose t o  the d i f f e rence  between the August 

The jagged l i n e  i nd i ca tes  the a c t u a l  measured 
The two t h i n  

The two t h i n  l i n e s  below the smoothed data are the 97.7- and 

For cyc le  21, 
A launch made i n  May 1982 occurs 14 months 
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Tab1 e 4. Upper and Lower I n i t i a l  EllVE A1 t i  tudes  a t  A p r i  1 1982 97.7-Percent 
F l u x  Leve l  

552.08* 
2601.4 7.87 2844.0 7-12 531.16 

548. 81, 
2814.5 7.27 3114.4 6.57 525-50 

546.06, 
3028.2 1 6.75 I 3387.4 1 6.04 / /  520.33 

97.7% Solar FluxllActudl Solar Flux11 

2.5 Y r  5 .5  Y r  2 .5  Yr 5.5 Yr 
Alti- =ti- Altitude Altitude 

(-1 Oan) (W (m 

500.84 468.57 530.16 521.10 
453.43 299.51 500.40 485.09 

500.24 471.19 527.77 519.22 
448.46 299.30 494.79 479.46 

500.03 473.78 525.90 517.83 
444.03 300.72 489.69 474.34 

mese initial altitu3es satisfy requirearents a t  both flux levels. * 
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I 1987 97.7- and 50-percent p red ic t i ons .  The MSFC p red ic t i ons  c lose t o  launch can 

be as inaccurate as the d i f f e rence  between these two f l u x - p r e d i c t i o n  l e v e l s .  

4.0 CONCLUSIONS 

The nominal GSFC F l i g h t  Dynamics D i v i s i o n  (FDD) scenario f o r  o r b i t  l i f e t i m e  e a r l y  
mission planning uses the 97.7-percent so la r  f l u x  p red ic t i ons .  
97.7-percent s o l a r  f l u x  p red ic t i ons  f o r  mission planning wh i l e  o n l y  a 50-percent 
s o l a r  f l u x  l e v e l  i s  r e a l i z e d  i s  t h a t  the spacecraft may take longer than 2.5 years 
t o  reach the 500-km payload changeout a1 t i  tude; therefore,  e i t h e r  the XTE payload 
changeout w i l l  have t o  be delayed, o r  the STS w i l l  have t o  rendezvous w i t h  the EP 
a t  a l t i t u d e s  above 500 km, ranging from 545.22 t o  502.18 km. I f  50-percent so la r  
f l u x  p red ic t i ons  a re  used f o r  mission planning and the f l u x  i s  a c t u a l l y  a t  the 
97.7-percent f l u x  l e v e l ,  the l i f e t i m e  o f  both payloads w i l l  be severely jeopardized 
and, i n  some cases, the t o t a l  l i f e t i m e  o f  the EP would be shortened t o  1.4 years. 
I n  such a case, the STS might have t o  rendezvous e a r l i e r  than 2.5 years f o r  pay- 

The r e s u l t  o f  using 

load changeout, and perhaps boost the EP spacecraft t o  a higher o r b i t  t o  achieve 
the XTE mission object ives.  

Because the goal o f .ma in ta in ing  the spacecraft above 300 km f o r  5.5 years (and 
thus prevent ing e a r l y  reentry)  i s  more c r i t i c a l  than reaching the changeout a l t i -  
tude a f t e r  2.5 years, the 97.7-percent so la r  f l u x  l e v e l  scenario should be used 
f o r  e a r l y  mission planning. 
using the 97.7-percent s o l a r  f l u x  l e v e l  should be used f o r  mission planning be- 
cause, i n  a l l  cases, such an a l t i t u d e  can m e e t  o r  can almost meet  the midmission 
o b j e c t i v e  (500 km a f t e r  2.5 years) regardless o f  whether the s o l a r  f l ux  l e v e l  i s  
a t  50 percent o r  97.7 percent. 

I n  p a r t i c u l a r ,  the minimum a l t i t u d e  as determined 

However, as shown by Figure 6, even MSFC p red ic t i ons  made a month before launch 
can conta in  g rea t  unce r ta in t i es .  
t i o n s  can be as g rea t  as the d i f f e rence  between the August 1987 97.7- and 
50-percent l e v e l s  used i n  t h i s  study. Any mission planning should accommodate 
such an uncer ta in ty ;  an i n i t i a l  a l t i t u d e  selected would need t o  meet  the 97.7- and 
50-percent p r e d i c t i o n  l e v e l s  t o  ensure meeting the mission goals. The GSFC FDD i s  
c u r r e n t l y  i n v e s t i g a t i n g  the use o f  so la r  f l u x  p red ic t i ons ,  made by GSFC Code 600, 
Sciences D i rec to ra te ,  which are based on models o f  physical  phenomena as opposed 

The unce r ta in t y  i n  the MSFC s o l a r  f l ux  predic-  
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t o  t h e  s t a t i s t i c a l  es t ima t ions  made by MSFC. I n  t h e  f u t u r e ,  t h e  FDD p lans  t o  use 
GSFC s o l a r  a c t i v i t y  p r e d i c t i o n s  f o r  l i f e t i m e  s tud ies .  

The s o l a r  f l u x  l e v e l  has t h e  g r e a t e s t  e f f e c t  on t h e  EP miss ion  l i f e t i m e ,  b u t  t h e  
spacec ra f t  c ross-sec t iona l  area and mass a l s o  have s i g n i f i c a n t  e f f e c t s .  
s o l a r  f l u x  l e v e l  u n c e r t a i n t y  i s  as g r e a t  as t h a t  i n d i c a t e d  i n  t h i s  s tudy,  t h e  ba l -  
l i s t i c  c o e f f i c i e n t  p lays  a l a r g e  r o l e  i n  de termin ing  an a l t i t u d e  t o  m e e t  m iss ion  
o b j e c t i v e s .  I t  may be necessary t o  add mass t o  a d j u s t  t he  b a l l i s t i c  c o e f f i c i e n t  
t o  min imize t h e  e f f e c t s  o f  u n c e r t a i n t y  i n  s o l a r  f l u x  p r e d i c t i o n s .  The EP l i f e t i m e  
s tudy  should be updated as c l o s e  as p o s s i b l e  t o  launch, when the  f l u x  l e v e l s ,  t he  

area, and t h e  masses a r e  b e t t e r  known. A t  t h a t  t ime,  commitment t o  a f i n a l  launch 
a l t i t u d e  w i l l  be made. 
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