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ABSTRACT 

This report presents the Flight Mechanical Summary for Saturn I 
vehicle SA-10 to be launched from Pad 3 7 B ,  Eastern Test Range on a 
flight azimuth of 95.2 degrees East-of-North. A successful flight- will 
insert the spent S-IV stage and payload consisting of an Apollo boiler- 
plate (BP-9) and a Meteoroid Technology Satellite (Pegasus C) into a 
535 km circular orbit. 
predicted trajectory with its orbital mission objectives and constraints, 
guidance, sequencing, and insertion parameters. The three-sigma envelope 
of thrust, flow rate, liftoff mass, and wind speed variations is given, 
along with impact data, in the Range Safety part of this report. A 
study of wind disturbances, three-sigma C1 and C2 variations, and + 10% 
control gain deviations shows the vehicle to be structurally capabie of 
withstanding the expected winds during the launch period. Pertinent 
tracking and telemetry ground coverage data are presented for poweied 

Included is a discussion of the operational 

and orbital flight phases. 
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SUMMARY 

c 

E 

c 

The t r a j e c t o r y  f o r  SA-10 i s  shaped t o  i n s e r t  t he  S - I V  stage/Pegasus 
C combination i n t o  a c i r c u l a r  o r b i t  a t  approximately 535 km a l t i t u d e ,  
measured a t  i n s e r t i o n .  The predicted nominal o r b i t a l  l i f e t i m e  i s  725 
days. 
t h e  LH2 r e s i d u a l s  t o  exceed 250 ltm have been equal ized a t  a value of 
95.5%. 

The p r o b a b i l i t i e s  of  achieving guidance cu to f f  and of not  permi t t ing  

The p i t c h  program f o r  t he  S-I s t a g e  i s  i d e n t i c a l  t o  t h a t  of SA-8 
and e s s e n t i a l l y  provides a minimum angle  of a t t a c k  through the  high 
dynamic pressure  region.  The I t e r a t i v e  Guidance Mode (IGM) is  employed 
t o  guide t h e  S-IV s t a g e  i n  p i t c h ,  wi th  a d e l t a  minimum guidance mode i n  
c ros s  range. 

The S - I  boos te r  w i l l  p rope l  the  veh ic l e  t o  an a l t i t u d e  of 8 8 . 9 4  km 
and range of 79.70km. 
approximately 2 seconds of u l l age  rocke t  ope ra t ion ,  S-IV mainstage 
i g n i t i o n  occurs .  The S-IV main engines burn cont inuously u n t i l  t h e  
guidance computer i n i t i a t e s  t he  Guidance Cutoff S igna l  (GCS), which 
w i l l  occur when the  i n e r t i a l  ve loc i ty  reaches 7592 m / s .  Af t e r  10 
seconds e l apse  t o  p e r m i t  complete t h r u s t  decay, o r b i t a l  i n s e r t i o n  w i l l  
occur a t  642.085 seconds a f t e r  l i f t o f f .  

Af te r  separa t ion  of t h e  S - I  and S-IV s t a g e s ,  and 

The veh ic l e  wind l i m i t  is  no less than 65 m / s  from any azimuth 
and is  more than twice the  three-s igma maximum wind f o r  t he  pred ic ted  
month of launch. The fue led  vehic le  f r e e  s tanding  and launch r e l e a s e  
s u r f a c e  wind l i m i t s  a r e  16.9 and 10.3 m l s ,  r e s p e c t i v e l y .  

A 95.5% confidence l e v e l  e x i s t s  of not exceeding r o l l  and tumble 
r a t e s  of 9 deglsec and 2 deglsec ,  r e s p e c t i v e l y .  

t 



PART I 
T U  JECTORY 

c 

A .  INTRODUCTION 

The Block I1 v e h i c l e  SA-10, c o n s i s t i n g  of two l ive  s t a g e s ,  
Instrument Unit, Apollo B o i l e r p l a t e ,  and Pegasus Payload (Figure I, 1 & 2), 
is  scheduled to  ascend from Launch Complex 378, Eastern T e s t  Range 
F a c i l i t i e s  i n  t h e  summer of 1965. SA-10 w i l l  have a launch azimuth 
of 90 degrees East-of-North, and w i l l  r o l l  i n t o  a 95.2 degree East-of- 
North f l i g h t  azimuth: 

This t r a j e c t o r y  i s  based on propuls ion (References 1 and 2) and 
The f i r s t  s t a g e  mass (Reference 3 )  d a t a  provided by P&VE Laboratory. 

w i l l  be propelled by e i g h t  Rocketdyne H - 1  engines providing a t o t a l  
t h r u s t  of 1.5 m i l l i o n  pounds. S ix  15,000 pound t h r u s t ,  P r a t t  & 
Whitney, RL1OA-3 engines power t h e  S-IV s t a g e  during f l i g h t .  
S - I  s t a g e  measure 6.5 meters i n  diameter and 24.5 meters i n  length.  
The S-IV s t a g e  i s  b a s i c a l l y  a 5.6 meter-diameter cy l inde r  measuring 
12.5 meters i n  length.  With t h e  Instrument Unit ,  Payload and Launch 
Escape System (LES), t he  t o t a l  v e h i c l e  conf igu ra t ion  s t ands  approx- 
imately 57.3 meters and has a l i f t o f f  mass of 511,709 kg (1,128,124 lbm). 
Found i n  Reference 4 i s  a more complete d e s c r i p t i o n  of t h e  v e h i c l e  and 
payload. 
l ikewise,  no t e l e v i s i o n  monitoring of Pegasus deployment. 

The 

There w i l l  be no onboard camera coverage of s e p a r a t i o n ,  and 

2 
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B. DESCRIPTION 

I '  
The SA-10 veh ic l e  w i l l  l i f t  o f f  from Pad 37B, r i s i n g  v e r t i c a l l y  

f o r  9 seconds i n  order  t o  c l e a r  the launch f a c i l i t i e s  and then 
s imultaneously begin i t s  p i t c h  program and r o l l  maneuver. 
rate w i l l  be  nominally one degree per  second. 

The r o l l  

The f i r s t  s t a g e  t r a j e c t o r y  was shaped t o  minimize aerodynamic 
moments during t h e  per iod of  h ighes t  dynamic pressure .  The tilt 
program is not  b iased  f o r  wind as t h e  launch d a t e  occurs during a low 
wind period. 
maximum performance while  achieving t h e  des i r ed  o r b i t a l  mission 
ob jec t ives  which, b r i e f l y ,  are: 

The e n t i r e  f l i g h t  program w a s  optimized t o  a t t a i n  t h e  

1. Provide a nea r -c i r cu la r  o r b i t  i n  t h e  reg ion  of 500 km 
a l t i t u d e  (270 n a u t i c a l  mi les )  a t  t he  end of one year .  

2. 
28.87 degrees.  

I n s e r t  i n t o  an o r b i t  having an i n c l i n a t i o n  of approximately 

3. Maximize guidance cutoff  p robab i l i t y .  

4 .  Minimize r e s i d u a l  LH2 a t  guidance c u t o f f .  

b 

I 

F. 

A tilt  a r r e s t  of 52.45 degrees is  programmed a t  138 seconds 
a f t e r  l i f t o f f  t o  i n s u r e  ample damping t i m e  f o r  var ious  s lo sh ing  and 
t r a n s i e n t  motions i n  order  t o  avoid premature cu to f f  and sepa ra t ion  
sequences. The sepa ra t ion  sequence of events  is  commanded from a 
t i m e r  which i s  i n i t i a t e d  by propel lant  level sensors  (Reference 5). 

After  s epa ra t ion ,  tilt a r r e s t  i s  continued u n t i l  168 seconds a f t e r  
l i f t o f f ,  al lowing s u f f i c i e n t  time f o r  t he  LES tower and u l l a g e  casings 
t o  be  j e t t i soned .  The Launch Escape System has only one a c t i v e  motor, 
t h e  j e t t i s o n  motor. This motor provides t h e  c a p a b i l i t y  of s epa ra t ing  
t h e  LES from t h e  Cownand Module (CM) dur ing an abor t  mode o r  during 
normal f l i g h t .  

The Saturn guidance system, I t e r a t i v e  Guidance Mode (IGM), 
implemented approximately 18 seconds a f t e r  s epa ra t ion ,  w i l l  guide t h e  
S - I V  v e h i c l e  t o  t h e  des i r ed  t e r m i n a l  condi t ions .  Guidance Cutoff 
S igna l  (GCS) i s  s e n t  by t h e  onboard computer (ASC-15) when t h e  i n e r t i a l  
v e l o c i t y  reaches 7592.0 m / s  . 

3 



B. DESCRIPTION (CONT.) 

Orb i t a l  i n s e r t i o n  i s  def ined t o  occur 10 seconds a f t e r  t h e  
Guidance Cutoff S igna l  is generated by the guidance computer. 
GCS the  S-IV s t a g e  undergoes a 180-second d u r a t i o n  non-propulsive vent ing  
per iod t o  reduce r e s i d u a l  hydrogen i n  the tank. 
per iod the vents  c l o s e  followed one second la te r  by sepa ra t ion  of t h e  
Apollo b o i l e r p l a t e  from t h e  Pegasus C/S-IV s t a g e  combination. 
s a t e l l i t e  w i l l  begin i t s  wind deployment 60 seconds a f t e r  Apollo b o i l e r -  
p l a t e  separa t ion ,  r equ i r ing  approximately 60 seconds f o r  t h i s  func t ion .  

Upon 

A t  the end of  t h i s  

The Pegasus 

4 



C. RESULTS 

The o r b i t a l  mission ob jec t ives  a r e  achieved t o  the  following 
degree; 

1. The nominal o r b i t a l  a l t i t u d e  a f t e r  one year  i s  500 km. 
An o r b i t a l  a l t i t u d e  h i s t o r y  f o r  nominal and minus three-s igma 
atmospheric condi t ions i s  presented i n  Figure 1-3. 

2. The nominal i n c l i n a t i o n  of t he  oscu la t ing  conic  a t  t h e  t i m e  
of i n s e r t i o n  i s  28.88 degrees. 

3.  The p r o b a b i l i t y  of a guidance c u t o f f  i s  95.5%. 

4 .  The p r o b a b i l i t y  of LH2 r e s i d u a l s  no t  exceeding 250 lbm is  
95.5%. 

A summary of t h e  SA-10 veh ic l e  c h a r a c t e r i s t i c s ,  t r a j e c t o r y  h i s t o r y  
and i n s e r t i o n  and o r b i t a l  condi t ions i s  presented i n  Table 1-1. Pred ic t ed  
v e h i c l e  c h a r a c t e r i s t i c s  t o  be used f o r  p o s t - f l i g h t  eva lua t ion  are 
presented i n  Table 1-11. The S-I s t a g e  p i t c h  s t e e r i n g  program, the S-IV 
guidance t e rmina l  cond i t ions  and t h e  v e h i c l e  sequence of events  are  
d e t a i l e d  i n  Tables 1-111, -IV, and -V, r e s p e c t i v e l y .  A b r i e f  mass 
c h a r a c t e r i s t i c s  o u t l i n e  is presented i n  Table I-VI. The powered f l i g h t  
t r a j e c t o r y  from l i f t o f f  t o  Pegasus/Apollo b o i l e r p l a t e  s e p a r a t i o n  and the  
S-I s t a g e  r e t r o  and coast-to-impact t r a j e c t o r y  a r e  presented i n  d e t a i l  i n  
Table I-VII, A through J. 

The f l i g h t  p r o f i l e  i s  g raph ica l ly  presented i n  Figure 1-4 with i t s  
nominal p i t c h  s t e e r i n g  program presented i n  Figure 1-5. 

The e a r l i e s t  S-I inboard engine f a i l u r e  which s t i l l  r e s u l t s  i n  
guidance cu to f f  is 90 seconds a f t e r  l i f t o f f .  An outboard f a i l u r e  w i l l  
not  permit a guidance c u t o f f ,  but f a i l u r e  a f t e r  140 seconds from l i f t o f f  
w i l l  r e s u l t  i n  an o r b i t  with perigee g r e a t e r  than 400 km a l t i t u d e .  

5 



Table 1-1 
SA-10 FXIGHT DATA 

(All values  are i n e r t i a l  where a p p l i c a b l e  un le s s  otherwise denoted.)  

A. LAUNCH & TRAJECTORY DATA 

Launch Complex and Pad 

Lat i tude a t  Launch (Geodetic) 

Longitude a t  Launch 

Launch Azimuth 

F l i g h t  Azimuth 

S - I  Stage Ro l l  Angle 

S-I Stage Mach One 

3 7B 

28.53185 degrees (N) 

80.56495 degrees (w) 
90" E of N 

95.2" E of N 

5 .2  degrees 

55 seconds 

S-I Stage Maximum Dynamic Pressure 67 seconds 

S - I  Stage P i t c h  Angle a t  T i l t  Arrest 

S - I  Stage Veloci ty  a t  OECO ( I n e r t i a l l y  Ref) 

S - I  Stage Path Angle a t  OECO ( I n e r t i a l l y  Ref) 

52.45 degrees 

3051.17 m / s  
(Ea r th  Ref) 2714.87 m / s  

56.810 degrees 
(Earth Ref) 5 2.032 degrees 

S-I Stage A l t i t u d e  a t  OECO 

S - I  Stage Range a t  OECO 

S - I V  Stage Guidance Cutoff S igna l  (GCS) 

S - I V  Stage Veloci ty  a t  GCS 

S-IV Stage Path Angle a t  GCS 

S-IV Stage A l t i t u d e  a t  GCS 

S - I V  Range a t  GCS 

S - I V  Stage La t i tude  a t  GCS (Geocentr ic)  
S - I V  Stage Longitude a t  GCS 

88.94 km 

79.70 km 

632.085 sec 

7592.00 m / s  

89.994 degrees 

535.754 km 

1844.208 km 

25.270 degrees 
62.297 degrees (West) 

B . INSERTION CONDITIONS 

I n s e r t i o n  T i m e  

Velocity 

Path Angle ( a g a i n s t  l o c a l  v e r t i c a l )  

A l t i t ude  ( o b l a t e  e a r t h )  

642.085 seconds 

7595 .O m / s  

90.0008 degrees 

535.708 km 

6 



SA-10 FLIGHT DATA (CONT.) 

Range 

Lat i tude  (Geocentric) 

Longitude 

Azimuth 

C.  ORBITAL CHARACTERISTICS (spher ica l  e a r t h ;  
Re= 6,378.165 km) 

Perigee Al t i t ude  

Apogee Al t i t ude  

Anomalistic Period 

Semi-Major Axis 

Eccen t r i c i ty  

I n c l i n a t i o n  

Longitude of  Ascending Node 

Argument of Per igee 

True anomaly a t  I n s e r t i o n  

Eccent r ic  Anomaly a t  Inse r t ion  

Mean Anomaly a t  I n s e r t i o n  

Regression Rate of Node 

Rate of Change of Argument of Per igee 

V i s  Viva Energy (Twice Total  Energy) 

Nominal Lifet ime 

-35  Life t ime 

1910.20 km 

25.111 degrees 

61.665 degrees (West) 

104 -759 degrees 

531.6 km 

531.9 km 

95.27 min 

6909.9 km 
.00002 

28.88 degrees 

176.5 degrees ( E a s t )  

258.5 degrees 

220.0246 degrees 

220.0254 degrees 

220.0261 degrees 

-6.6 deglday 

+lo .  7 deglday 

-57.77 Km / s e c 2  

725 days 

532 Says 

2 

2 B a l l i s t i c  Parameters f o r  Tumbling Vehicle 
CD A 265 m 

Post Venting Orb i t a l  Mass 

B a l l i s t i c  Coeff ic ien t  ‘+/m 

10323 kgs 

.026 m2/kg 

7 



TABLE 1-11 

PREDICTED VEHICLE CHARACTERISTICS FOR FLIGHT EVALUATION COMPARISON 

. 
S-I Stage 

The S - I  t h r u s t  averages a r e  obtained by considering t h e  long i tud ina l  
components of t h r u s t ,  reduced t o  s e a  l e v e l  throughout f l i g h t .  
a r e  as follows: 

They 

F F F 
T = l +  2 '  

where F, i s  the main engine t h r u s t  average and F, i s  the tu rb ine  
exhaust t h rus t  average. 

F1 = 6,776,786 newtons (1,523,482 l b f )  

F2 = 13,732 newtons ( 3,087 l b f )  

FT = 6,790,518 newtons (1,526,569 l b f )  

The S-1-flow r a t e  i s  derived a s  follows: 

aux 1 /140 , - '(T=140) - w  1 = '(T=O) 

d 

where Waux = I ce ,  trapped environment, and chilldown. 

.*. & = 2682 kg/sec (5913.5 l b s / s e c )  

= 258.1 sec 
I S  P 

S - I V  Stage 

The S-IV s t a g e  t h r u s t  averages a r e  vacuum values averaged from 
1.8 second t o  480.0 seconds of S- IV f l i g h t  time. 

1 

T = F1 + F2 + F33 F 

8 



TABLE 1-11 
(continued ) 

where F1 i s  t h e  engine t h r u s t  along l o n g i t u d i n a l  a x i s  = 397486 newtons 
(89358 l b f )  

F2 = Thrust due t o  c l u s t e r  e f f e c t  = -2785 newtons ( -626 l b f )  

F3 = H e l i u m  h e a t e r  and leakage t h r u s t  
through chilldown ducts = 734 newtons (165 l b f )  

FT = 395,435 newtons (88,897 l b f ) .  

The flow rate i s  a l s o  obtained from 1.8 seconds t o  480.0 seconds of 
S-IV f l i g h t  t i m e .  

pT = 95 kg/sec (208.8 l b s / sec )  

Isp = 425.8 s e c  

f 
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F l i g h t  
Time 
(set) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 

10 

TABLE 1-111 

PITCH TILT PROGRAM FOR SATURN I VEHICLE SA-10 

(deg 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
0.30 
0.45 
0.60 
0.65 
0.90 
1.05 
1.25 
1.45 
1.70 
1.95 
2.25 
2.50 
2.85 
3.20 
.3.50 
3.85 
4.25 
4.60 
5.00 
5.45 
5.85 
6.25 

F l i g h t  
Time 
(see) 

33 
34 
35 
36 
37 
38 
39 
40  
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1  
62  
63 
64  
65 

(deg 1 

6.70 
7.15 
7.65 
8.10 
8.60 
9 .10  
9.60 

10.10 
10.65 
11.10 
11.70 
12.25 
12.80 
13.30 
13.90 
14.40 
14.90 
15.50 
16.10 
16.60 
17.15 
17.75 
18.30 
18.85 
19.45 
20.00 
20.60 
21.20 
21.75 
22.35 
22.90 
23.50 
24.05 

F l i g h t  
Time 
(set 1 

66 
67 
68 
69 
70  
7 1  
72  
73 
74  
75 
76 
77 
78 
79 
80 
81 
82 
8 3  
84 
85 
86 
87 
88 
89 
90 
9 1  
92  
93 
94  
95 
96 
97 
98 

(deg) 

24.65 
25.25 
25.80 
26.35 
26.95 
27.50 
28.10 
28.65 
29.15 
29.75 
30.30 
30.80 
31.40 
31.90 
32.45 
33 .OO 
33.50 
34.05 
34.50 
35 .oo 
35.50 
36 .OO 
36.45 
36.90 
37.40 
37.85 
38.25 
38.75 
39.15 
39.65 
40.00 
40.40 
40.85 

. 

1 



99 
100 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
1 14 
115 
116 
117 
118 
119 
120 
121 

123 
124 
125 
126 
127 
128 
129 
13 0 
13 1 
13 2 
133 

122 

(deg) 

41.20 
41.65 
42.00 
42.35 
42.80 
43.15 
43.50 
43.85 
44.25 
44.60 
44.90 
45.25 
45.55 
45 -90 
46.25 
46.50 
46.85 
47.15 
47.50 
47.70 
48.05 
48.35 
48.60 
48.85 
49.10 
49.40 
49.65 
49.90 
50.15 
50.40 
50.60 
50.85 
51.10 
51.30 
51.50 

TABLE 1-111 (CONT) 

Flight 
Time 
(set) 

134 
135 
136 
13 7 
13 8 

*168 

51.75 
51.75 
52.15 
52.40 
52.45 
52.45 

*Time of IGM 
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TABLE I-IV 
IGM TERMINAL CONDITIONS 

The following defines the necessary IGM terminal conditions. 

IT - - Terminal Radius Vector 

flT - - Terminal Time Rate Change of 7~ 

- - Terminal Tangential Velocity 

- - Terminal Total Velocity = Vt2 + i2 ) 
T T 

VT 

"gT = Terminal Radial Acceleration Due to Gravity .. 
kffJ = Terminal Tangential Acceleration Due to Gravity 

Time-To-Go (initially) - T' - 

Vex - - Exhaust Velocity (go Isp) 

The values for the above for SA-10 are as follows: 

7T 

!T 

T 
5 

vT .. 
gT 

gT 

7 

5 

T' 

V 

.. 

ex 

6910000.0 meters 

-1-1.64 meters/sec 

759 1.46 meters /s ec 

7591.46 meterslsec 

-8.35 meters/sec 

0 

465 .O sec (initially) 

4200.0 meters/sec 

2 

c 
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c 

r 

TIME 
(From L i f t o f f )  

0.0 

9.0 

14.2 

137.7 

138.0 

141.7 

143.52 

149.52 

150.22 

150.32 

152.02 

154.02 

162.32 

168.00 

595.00 

632.085 

642.085 

812.085 

813.085 

873.085 

933.085 

TABLE I - V  

SA-10 SEQUENCE OF EVENTS 

EVENT 

L i f to f f  

I n i t i a t e  Rol l  and P i t ch  T i l t  

Terminate Ro 11 

Signal from Sequencer t o  Enable Level Sensors 

T i l t  Arrest 

S - I  Stage Level Sensor S igna l  

Inboard Cutoff (S-I  Stage)  

Outboard Cutoff (S-I S tage)  

Ullage Rocket I g n i t i o n  (S-IV Stage)  

Separat ion,  Immediately Followed by Retro 
Rocket I g n i t i o n  (S-I S tage)  

S-IV Mainstage I g n i t i o n  

Ullage Rocket Thrust  Termination 

J e t t i s o n  Ullage Rocket Casing and LES 

I n i t i a t e  Active Guidance 

Signal  from Sequencer t o  A r m  LOX Cutoff 
Capabi l i ty  

S-IV Stage Guidance Cutoff S igna l  

End of Powered F l i g h t  

Close Blowdown Non-Propellant Vents 

S t a r t  S-IV Pegasus/Apollo Separat ion 

Begin Pegasus Wing Deployment 

Terminate Wing Deployment 

13 



SA-10 Mass C h a r a c t e r i s t i c s  

To ta l  Mass a t  L i f t o f f  5 11,709 kg (1,128,124 lbm) 

Mass a t  F i r s t  Stage Cutoff (OECO) 117,035 kg (258,018 lbm) 

Mainstage Consumption During F i r s t  392,332 kg (864,943 lbm) 
Stage of F l igh t  (To Separat ion)  

Mass a t  Second Stage I g n i t i o n  62,339 kg (137,435 lbm) 
(152.02 s e c )  

Mass a t  Second Stage Cutoff 15,527 kg (34,230 lbm) 
(632.09 s e c )  

Mainstage Consumption During Second 45,315 kg (99,903 lbm) 
Stage of F l igh t  

F l i g h t  Performance Reserve a t  S-IV 341 kg LOX (530 lbm) 
Cutoff 48 kg LH2 (106 lbm) 

Orbi t ing Payload 10,323 kg (22,758 lbm) 
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FIG. 1-1. S A T U R N  S A - 1 0  VEHICLE 

LAUNCH ESCAPE SYSTEM l- 
COMMAND MODULE 

PEGASUS SAELLITE SERVICE MODULE 
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PART I1 

LAUNCH CRITERIA AND ORBITAL VENTING STATUS 

A. LAUNCH CRITERIA 

T O  Distribution 
X r .  Sullivan/pac/876-3579 

June 2 4 ,  1965 
R-AERO-M- 21- 65 

FROM Chief , Flight  Mechanics Branch, R-AERO-M 

SUBJECT Wind Launch C r i t e r i a  f o r  SA-10 

REFERENCE (a) R-P&VE-SLL-65-6, "St ruc tura l  Strength of SA-8 and SA-9 
Vehicles , I 1  January 22 ,  1965 

Saturn I, Block Xi Design C r i t e r i a  Book 

Envelopes fo r  Selectee F l igh t  Azimuths , I '  March 28 , 1963 

(b )  SA-10 Preliminary Tredicted Trajectory , Unpublished 
(c) 
(d) N-AERO-G-53-63 , "Cape Canaveral, F lor ida ,  Wind P r o f i l e  

(e) I-MICH-OA Letter Dated June 3 ,  1965 

1. Wind speed l i m i t s  f o r  t h e  SA-10 vehic le  have been determined f o r  
the  maximum dynamic pressure t i m e  point ( t  = 68 sec). 
es tabl ished based on s t r u c t u r a l  capabi l l :  
KGference (a ) .  The s t r u c t u r a i  capab i l i t i e s  cf t h e  space vehic le  have been 
coorainated with MSC and are i n  agreement with s t r u c t u r a l  l i m i t s  imposed by 
them. Structural  da ta  furnished a re  a funct ion of angle of a t t ack  ( a ) ,  gimbal 
angle ( P ) ,  and dynamic pressure (9). Disturbances other  than the  wind used 
to esrabl ish these l i m i t s  a r e  99% shears and gr;sts (Reference ( c ) ,  3 u c1 
and c-, var ia t ions ,  and 2 10% va r i a t ion  i n  the  con t ro l  gains.  
used  &e those obtained from Reference (b);. 

These l i m i t s  a r e  
. of  t he  space vehic le  as given i n  

Trajectory da t a  

2 .  Figure 1 shows the wind speed l i m i t s  a s  a funct ion of wind azimuth 
fo r  t he  maximum dynamic pressure t ine point  (t = 68 sec).  Tnis f igu re  shows 
the  l i m i t s  for various assumptions and combinations of disturbances upon 
which a decision f o r  launch might be based. 
port ion of the f igure  could cause launch problems and a p re f l igh t  s imulat ion 
would be necessary fo r  a 1,aunch decis ioc.  
port ion of the f igure  could cause launch problems o r  make launch impossible. 
Wind magnitudes below the  shaded port ion c r e a t e  no apparent launch problems. 
But, under exceptional condi t ions,  even winds of t h i s  magnitude may s t i l l  
lead t o  s t ruc tu ra l  problems; therefore ,  a l i m i t e d  axount of f l i g h t  simulation 
w i l l  s t i l l  b e  performed. 

Wind magnitudes wi th in  t h e  shaded 

Wind magnitudes above t h e  shaded 

3 .  Figure 2 shows t h e  i imi t ing  wind from the  most c r i t i c a l  d i r ec t ion  
These wind l i m i t s  are shown over 

Also shown on t h i s  f i gu re  i s  the  3 0 wind f o r  t he  

probability-wise, which i s  t h e  ta i lwind.  
f l i g h t  t ine ,  assuming the  sane disturbances and couhication of disturbances 
as used for Figure 1. 
nonth o f  July (Xeference (d;;. Figure 3 shows the  angle-of-attack l i m i t  and 
ginbal  angle l i m i t  a s  a function of f l i g h t  t i m e  f o r  t h e  same disturbances.  

4 



SGBJXCT: Wind Launch Criteria f o r  SA-10 June 24, 1965 

The gimbal angle l i m i t  shown here i s  derived i n  coribination with the 
angle-of-attack l i m i t  and does not u t i l i z e  t h e  f u l l  gimbal angle capab i l i t y  
of the vehicle,  which is eight  degrees. A l s o  shorn on t h i s  f i gu re  are the 
angle-of-attack and gimbal angle for t h e  3 0 July wind as a function of 
f l i g h t  t i m e .  
therefore ,  are not shown s i n c e  t h e i r  effect would be negl igible .  

Predicted median winds fo: July are less than 5 m / s  and, 

4 .  The Saturn Block I1 vehicle,  fueled,  w a s  designed t o  be s t r u c t u r a l l y  
capable of withstanding the highestwind speed t h a t  may occur 99.9 per 
cent of the t i m e ,  during any monthly period, while free-standing on t h e  launch 
pad. 
the 99.9 per cent peak wind speeds, the vehicle  must be  placed i n  a se rv ice  
s t r u c t u r e  o r  secured i n  such a manner t h a t  no addi t ional  wind loading 
conditions w i l l  be encountered by the vehicle;  otherwise a r i s k  of loss 
due t o  s t r u c t u r a l  f a i l u r e  must be assumed. 
unfueled, can withstand peak winds of approximately 34.7 knots (Reference (e). 

During periods when ground wind conditions are predicted t o  exceed 

The free-standing SA-10 vehicle ,  

Surface Wind Restriction: Referenced t o  60 feet: above na tu ra l  
grade. 

Steady State  Velocity Peak Velocity 
(knots ) ( m / s e c )  (knots) ( m / s e c )  

Vehicle Free-Standing 33 max 16.9 46 max 23.7 
(Fueled ) 

Launch Release 20 max 10.3 28 max 14.4 

Using the 60 foot  reference level (as agreed on between KSC and 
MSFC) the vehicle cannot be launched during peak winds exceeding 14.4 m / s e c  
a t  t h i s  level .  The probabi l i ty  of a peak wind exceeding 14.4 m / s e c  a t  
60 foot  l eve l  above na tu ra l  grade during J d y  (excluding hurr icanes)  i s  
less than .005. Winds of t h i s  magnitude create no con t ro l  o r  c o l l i s i o n  
problems during l i f t o f f .  I f  the launch should be made i n  August, t h e  
r e s t r i c t i o n s  are less severe s ince  the predicted winds f o r  August are lower 
than predicted winds for July. 

zoo&/- 
L. 0. Stone 

APPROVAL# : CONCURRENCE : 

I c 'b" *'' ' r' "7, JL. 
E. D. Geissler, R-AERO-DIR H. H. Hosenthien, R-*STR-Z 

3 Enc: 
Figures 1-3 
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c Steady State Wind with Shears Limit 

l - -  I 

zWind Limit with Shears, Gusts and Control 
Variations Combined Algebraically I 

40 50 60 70 I 
Flight Time ( s e d  

No Apparent 
Pro b Iem 

y Wind 

FIG. 2. TAILWIND LIMIT VERSUS FLIGHT TIME 
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B. ORBITAL VENTING STATUS 

The SA-10 post insertion venting analysis provides a 95.5% 
confidence level of not exceeding the 9 deg/sec roll and 2 deg/sec 
tumble rate limits outlined in Reference 6 . This analysis reflects 
the structural changes that are being incorporated for this vehicle; 
i.e., the interchange of 02 and H2 non-propulsive vents. 
includes the best estimate of impingement effects of vented H2 gases 
on the Pegasus wing structure (based on SA-9 flight evaluation data), 
as well as perturbations due to misalignments, c.g. shifts, etc. 

It also 
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PART I11 

Range Sa fe ty  Data Summary f o r  SA-10 

The range s a f e t y  d a t a  presented i n  Reference 7 c o n s i s t s  of 
booster  and LES impact a r e a s ,  e f f e c t s  of r a n g e . s a f e t y  f l i g h t  termina- 
t i o n ,  land impact  p r o b a b i l i t i e s ,  i n j u r y  p r o b a b i l i t i e s ,  t u rn ing  r a t e  
e f f e c t s  and other  p e r t i n e n t  information. 

The following parameters were v a r i e d  t o  o b t a i n  t h e  3 0 envelope 
f o r  range s a f e t y  purposes: t h r u s t ,  flow r a t e ,  l i f t o f f  weight ,  and 
wind speed. Impact d a t a  f o r  t h i s  envelope i s  given i n  t a b u l a r  form 
and c o n s i s t s  of instantaneous cu to f f  t ime, geode t i c  l a t i t u d e ,  longi tude,  
remaining f l i g h t  t i m e ,  and range along t h e  e a r t h ' s  s u r f a c e  from launch 
t o  i m p a c t .  (See Reference 7 ) .  

The veh ic l e  v e l o c i t y  vec to r  t u rn ing  d a t a  f o r  t h e  nominal t r a j e c t o r y  
i s  g raph ica l ly  presented. I n  p a r t i c u l a r ,  t h e  t o t a l  v e l o c i t y  vec to r  
magnitude and o r i e n t a t i o n  i n  t h e  l a t e r a l  d i r e c t i o n  i s  presented as a 
t i m e  function from t h e  point  of malfunction (engine gimbal d e f l e c t i o n ) ,  
appl ied i n  the Yaw Plane. (See Reference 7 ) .  

The p robab i l i t y  of t h e  S-IV s t a g e  dropping s h o r t  of o r b i t a l  
i n s e r t i o n  i s  . 1 3 .  
as follows: 

The p r o b a b i l i t y  of impacting on land can be  c a l c u l a t e d  

= p r o b a b i l i t y  of impacting on land a rea  

= dwell  time ( I I P  t r a n s i t  t ime) At 

TB = t o t a l  burn t i m e  of second s t a g e  

PF = probab i l i t y  of any f a i l u r e  causing t h e  2nd s t a g e  t o  drop s h o r t .  

For SA-10:  PI = 4 . 9  x . 1 3  = 1 . 3  x 10-3 
480.1 
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PART I11 (CONT'D) 

Subdividing the  impact p robab i l i t i e s  f o r  ind iv idua l  count r ies :  

c 

Land Area Dwell Time Impact Probabi l i ty  
Ango l a  2.8 7.6 x 10-4 
Rhodesia & Nyasaland 1.5 4.1 x 10-4 
Bechuanaland .1 2.6 x 10-5 
Mozambique .3 8 .1  x 10-5 
Madagascar .2  5.3 x 10-5 

The p robab i l i t y  of i n ju r ing  a person downrange can be determined 
i n  t h e  following manner: 

where 

PIP = probab i l i t y  of i n ju r ing  a person 

- N = population dens i ty  of country 
LA 

AL = l e t h a l  a r ea  

The p robab i l i t y  of i n j u r i n g  a person, by over f ly ing  land is :  

PIP = 4.7 x 10'6 

The p robab i l i t y  of i n j u r i n g  a person, subdivided by Nation: 
N/LA 

Nation PI  (Per  Sq. M i . )  P IP  
Ango l a  7.6 x 10-4 25 3.4 x 10-6 

Bechuanaland 2.6 x 10-5 1 4.7 x 10-9 
Mozambique 8.1 x 10-5 25 3.6 x 10-7 
Madagascar 5.3 x 10-5 2 1  2.0 x 10-7 

Rhodesia & Nyasaland 4.1 X 1 2  8.8 X 10-7 

PAD AREA STUDY 

TO avoid any impact of m a x i m u m  d is tance  pieces  due t o  d e s t r u c t ,  on 
c r i t i c a l  a r eas ,  t he  wind p r o f i l e  i n  Figure 111-1 should not  be exceeded. 
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PART I V  
TRACKING 

c 

c 

Data p e r t i n e n t  t o  t h e  expected ground coverage of t h e  SA-10 
v e h i c l e  f o r  primary t r ack ing  and telemetry s t a t i o n s  are presented. 
Tracking coverage during t h e  powered f l i g h t  phase w i l l  b e  provided by 
C-band r ada r ,  ODOP Uprange, GLOTRAC, MISTRAM and c lose - in  o p t i c a l  systems. 
For o r b i t a l  f l i g h t  C-band r a d a r w w i l l  provide coverage f o r  about f i v e  
r evo lu t ions  a f t e r  which MINITRACK w i l l  be  t h e  s o l e  t r ack ing  source.  

Powered F l igh t  

A map def in ing  t h e  veh ic l e  ground trace during powered f l i g h t  and 
t h e  coverage redundancy f o r  primary ground sites is shown i n  Figure I V - 1 .  
As seen  i n  t h e  map, t h e  e n t i r e  powered f l i g h t  i s  v i s i b l e  through t h e  
per iod  of t h e  Pegasus wing deployment t o  a t  least one ground s t a t i o n  wi th  
a minimum of t h r e e  s t a t i o n  coverage t o  the  t i m e  of shroud separa t ion .  

A d e t a i l e d  assessment of t h e  v i s i b i l i t y  of t h e  veh ic l e  t o  each 
ground s t a t i o n  scheduled t o  rece ive  te lemet ry  d a t a  and t r a c k  t h e  onboard 
e l e c t r o n i c  systems is presented i n  Figures IV-2 through IV-9. Eleva t ion  
angle  and s l a n t  range h i s t o r i e s  a re  shown from l i f t o f f  through Pegasus 
wing deployment o r  l o s s  by t h e  l a s t  C-band r ada r  a t  Antigua. 
Antigua s t a t i o n  views t h e  f i n a l  deployment phase a t  a minimum e l e v a t i o n  
angle  of 7 deg and a maximum s l a n t  range of 2000 km. 

The 

Eleva t ion  and s l a n t  range h i s t o r i e s  f o r  t h e  Green Mountain s t a t i o n  
a t  Huntsville,Alabama, a r e  given i n  Figure IV-10. The maximum e l e v a t i o n  
angle  reached f o r  Green Mountain i s  9.5 deg with an e l e v a t i o n  of 
approximately 1 deg a t  S-IV c u t o f f .  

The Fort  Myers MINITRACK s t a t i o n  w i l l  a l s o  provide coverage during 

For t  Myers views S-IV cutof f  a t  an e l e v a t i o n  
powered f l i g h t .  S l a n t  range,  e leva t ion  angle  and azimuth angle  h i s t o r i e s  
a r e  given i n  Figure I V - 1 1 .  
of 5 deg, an azimuth of 89 deg East-of-North and a s l a n t  range of 2110 km. 

O r b i t a l  F l i g h t  

Primary t r ack ing  immediately fol lowing S-IV cu to f f  and , i n s e r t i o n  
i n t o  o r b i t  i s  provided by C-band radar  s t a t i o n s .  
coverage i s  given i n  Table I V - I .  

A summary of t h i s  

, 
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TABLE I V - I  Post I n s e r t i o n  Ground Coverage 

MILA 
Pa t r i ck  
Grand Bahama 
Grand Turk 
Bermuda 
Antigua 

7 deg 
7 

11 
23 
29 
25 

105 sec  
105 
15 0 
245 
310 
410 

The locus of ground pro jec t ions  during t h e  i n i t i a l  f i v e  o r b i t a l  
r evo lu t ions ,  with the  ground network and v i s i b i l i t y  a reas  f o r  C-band 
radar  and MINITRACK superimposed, a r e  shown i n  Figures I V - 1 2  and I V - 1 3 ,  
r espec t ive ly  . 

Close approach range and maximum e leva t ion  angles f o r  each of t h e  
f i r s t  f i v e  revolut ions a r e  tabula ted  i n  Table I V - I 1  f o r  those s t a t i o n s  
having maximum e leva t ion  angles of a t  l e a s t  10 deg. 

TABLE I V - I 1  Orb i t a l  Ground Coverage 

RADAR 
MILA 
Pa t r i ck  
Antigua 
Bermuda 
Ascension 
Carnarvon 
Hawaii 
White Sands 
P re to r i a  

MINITRACK 

F t .  Myers 
Quito 
Lima 
Santiago 

Rev 1 Rev 2 
E J; p: E R 

deg km deg km 

44 739 13 1574 
45 725 14 1558 
83 537 15 1457 
13 1607 
19 1301 66 573 
68 561 18 1338 
75 550 39 803 
50 685 27 1044 
33 887 81  533 

63 597 18 1343 
19 1310 

Johannesburg 3 2  904 82 532 
Woomera 
Go Ids t one 33 902 25 1103 

Rev 3 
E R 

deg km 

14 1532 

31 950 

54 635 

66 574 
24 1105 

54 639 

Rev 
E 

deg 

53 

84 

11 
53 
1 2  
81 

4 
R 
km 

654 

5 28 

1681 
646 

1638 
531 

Rev 
E 

deg 

42 

31 

33 

5 
R 
km 

76 1 

9 23 

895 

. 

9: E Maximum Elevation Angle 
? t R  Close Approach Range 
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The Green Mountain s tat ion w i l l  view the f i r s t  orbital  pass 99 , 
minutes af ter  l i f t o f f  a t  zero deg elevation, an azimuth of 263 deg 
East-of-North and a s lant  range of 2671 km. Time above zero deg 
elevation w i l l  be  11 minutes. 
maximum elevation of 22 deg. 

The c lose  apprach range w i l l  be 1180 km a t  a 

c 
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SA-10 FLIGHT MECHANICAL SUMMARY 

The information i n  t h i s  r e p o r t  has been reviewed f o r  s e c u r i t y  
c l a s s i f i c a t i o n .  
Defense o r  Atomic Energy Commission programs has been made by t h e  
MSFC Secur i ty  C l a s s i f i c a t i o n  Of f i ce r .  
has been determined t o  be u n c l a s s i f i e d .  

Review of any information concerning Department of 

This r e p o r t ,  i n  i t s  e n t i r e t y ,  

APPROVAL : CONCURRENCE: 

. 
ANN McNAIR 

4 

0. M. HARDAGE, JR. 
Chief, Tra jec tory  Sec t ion  Chief ,  Mission Studies  Sec t ion  

L. 0. STONE FLETCHER KURTZ 

* 

Chief ,  F l igh t  Mechanics Branch Chief ,  Operation Studfes  Branch 

k D. GEISSLER 
Laboratory 

62 



DISTRIBUTION 

DIR,  D r .  von B r a u n  
DEP-T, Mr. R e e s  
DEP-A, M r .  G o r m a n  
R-DIR, Mr . Weidner 
I - D I R ,  M r .  Y o u n g  
I-I / IB-MGR, C o l o n e l  J a m e s  
I - I / I B - S I V ,  M r .  Ferguson 

I-E-MGR, M r .  B e l e w  
R-AERO-DIR, D r .  G e i s s l e r  
R-AERO-DIR, M r  . Jean 
R-AERO-A, M r .  D a h  
R-AERO-AT, M r  . Wilson 
R-AERO-ATA, M r .  E l k i n  
R-AERO-AD, M r .  Linsley 
R-AERO-AD, M r .  D u n n  
R-AERO-ADD, Mr.  N u n l e y  
R-AERO-D, M r .  H o r n  
R-AERO-AU, M r .  Y o u n g  
R-AERO-A, Mr . H o l d e r e r  
R-AERO-G, M r .  B a k e r  
R-AERO-DD , M r  . Winch 
R-AERO-DD, M r .  R y a n  
R-AERO-F, D r .  Speer 
R-AERO-F, M r .  Lindberg (5)  
R-AERO-FO, M r .  K u r t z  
R-AERO-FF, M r .  Sheats 
R-AERO-FM, M r .  Stone 
R-AERO-FM, M r .  H a r d a g e  (20) 
R-AERO-FM, M r  . Wittenstein 
R-AERO-FM, Mr . Sullivan 
R-AERO-FM, M r .  M c N i e l  
R-AERO-EM, M r .  Leonard 
R-AERO-EM, M r .  Crafts 
R-AERO-P, M r .  M c N a i r  ( 6 )  
R-AERO-P, M r .  Teague (10) 
R-AERO-T, M r .  R e e d  
R-AERO-T, M r .  Cummings  
R-AERO-Y, M r .  V a u g h a n  
R-AERO-P, Mr.  T i n i u s  
R-AERO-FOO, M r .  N a u m c h e f f  
R-AERO-FM, M r .  Funston 
R-AERO-FMT, Mrs. Pack 
R-AERO-FMT, M r  . Weiler 
R-AERO-FM, M r .  Sol rnon  
R-AERO-FOM, Mrs . M c N a i r  
R-AERO-FP, M r .  C l a r k e  

I-V-MGR, Dr. R u d o l p h  

R-TEST-DIR, M r .  H e i m b u r g  
R-ME-DIR, M r .  K u e r s  
R-SAI,  E a r l  B u t l e r  
R-P&VE-DIR, M r  . C l i n e  
R-P&VE-DIR, M r  . H e l l e b r a n d  
R-P&VE-X, M r  . Faulkner 
R-P&VE-P, M r .  Paul 
R-P&VE-AVA, M r  . D e n t o n  
R-P&VE-VS , Mr . Schulze 

R-P&VE-SLY M r .  S h o w e r s  
R-P&VE-S, Mr. H u n t  
R-P&VE-PTD, Mr . H a s t i n g s  
R-P&VE-V, M r .  Palaoro (2)  
R-P&VE-VAW, Mr . Mormann 
R-P&VE-PPE , Mr . N e l s o n  
R-QUAL-DIR, M r .  G r a u  
R-COMP-DIR, D r .  H o e l z e r  
I - I / I B ,  M r .  Peterson ( 2 )  
I-I/IB-E, M r .  C a l l a w a y  
PA-Mr . Jones 
R-ASTR-DIR, D r  . Haeussermann 
R-ASTR-I, M r .  H o b e r g  
R-ASTR-F , Mr . B l a c k s  tone 
R-ASTR-R, M r .  T a y l o r  
R-ASTR-FO, M r .  Mink 
R-ASTR-G, M r .  Mandel 
R-ASTR-NGI, M r .  B l a n t o n  
R-ASTR-NGI, M r .  N i c a i s e  ( 2 )  
R-ASTR-NGI, M r .  Schaefer 
R-ASTR-F, M r  . H o s e n t h i e n  
R-ASTR-N, M r .  Moore 
R-ASTR-My M r .  Boehm 
R-ASTR-TJ, M r  . B r a n d n e r  
R-ASTR-E , Mr . Fichtner 
R-ASTR-S , Mr.  S e l t z e r  
R-ASTR-NGD, M r .  B u r d e s h a w  
R-ASTR-NGD, M r .  C a r l i l e  

R-ASTR-NGD, Mr . Winkler 
R-ASTR-IR, M r .  B a r r  
R-ASTR-IR, M r .  E d e n  
V, D r .  G r u e n e  
EF3  , M r  . H e r s h e y  
VT, M r .  Moser 
VG3 , M r  . C h a m b e r s  
E F 4 ,  M r .  V a r n a d o e  

R-P&VE-S, Mr. Kroll  

R-ASTR-IRD, Mr.  E ly  

63 



VE, Mr. Davidson 
VG4, Mr. Jenke 
VG4, Mr. Whiteside 
VE, Mr. W i l l i a m s  
FM, Mr. P i cke t t  
D I R ,  Dr. Debus 
T ,  D r .  Knothe 
EP, Mr. White 
ED, Dr. Bruns 
SF, Mr. Moore 
EM, M r .  Jelen 
E ,  M r .  Sendler 
MSC-PT6 , M r  . McKann 
MSC-PS-3, Mr. Per r ine  
MSC-FM, M r .  Mayer 
MSC-FM, Mr. I n c e r t o  
MSC-STO, Mr. Funk 
MSC-SCE, Mr. Skopinski 
MSC-TS, Mr. Cohen 
MSC-M, Mr. Ricks 
MSC-EG, Mr. Chi l ton ( 2 )  
MS-IP 
MS-IPL (8) 

DISTRIBUTION (COW) 

MS-T,. M r .  Roy Bland 

MS-H 

HME-P 

cc-P 

S c i e n t i f i c  and Technical Information F a c i l i t y  (25) 
Attn:  NASA Representat ive (S-AK/RKT) 
P. 0. Box 5700 
Bethesda, Maryland 

M r .  Donnegan 
Code 544 
Goddard Space F l i g h t  Center 
Greenbelt  , Maryland 

National Aeronautics and Space Administration 
Off ice  of Manned Space F l i g h t  
Code: MA0 
Washington, D.  C.  20546 
Attn: Mr. P h i l  Beyer 

t 

64 


