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FLIGHT TEST PLAN 

APOLLO GUIDANCE AND NAVIGATION SYSTEM 
AGE 5 

ABSTRACT 

This report  outlines the flight test objectives to  be accomplished 
by the flight of the MIT AGE-5 Apollo Guidance and Navigation 
System. The report  is based on information available as of 

June 1, 1963 and will be updated as necessary. 

by John Dahlen 
Thomas Heinsheimer 
Johh Suomala 
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Mission Plan Summary 

The flight of Apollo air f rame 009 will be the first opportunity for flight 
tes t s  of the MIT G&N system. 
to: 

This mission wil l  prove the ability of the system 

a. 
b. 
c. 

successfully complete pre-launch countdown and launch operations 
monitor boost phase of flight (launch into ear th  orbit) 
perform a limited number of orbital operations including control 
of velocity corrections in space 

initiate and control retro-fire and re-entry.  d. 
These functions wil l  be performed through use of the closed loop G&N.sys tem 

incorporating slight modification of the G&N/Spacecraft interface in order  to 
effect  proper  performance in the absence of astronaut control. This interface 
as shown in Figure 1 will permit proper implementation of all G&N commands 
by the spacecraft, and in addition wil l  allow for  switch-over of functional 
command to  the backup SCS in case of G&N malfunction. 
G&N test  objectives can be met without compromising overall  mission success 
through possible failure of the G&N system. 

The mission to  be performed begins with launch aboard a Saturn C-1 
booster (SA- 10) f rom complex 37 at Cape Canaveral , on December 15 , 1964. 
Launch wil l  be on an azimuth of 72O resulting in  a 32O inclination (Mercury) 

orbit (Figure 2) a t  approximately 105 nautical miles. 
data for boost phase is contained in the f i rs t  appendix. 

In this manner, all 

Trajectory and weight 

Upon the near  completion of three orbits, re t ro- f i re  wil l  be initiated by the 
G&N system in the Thrust Vector Control mode, applying a velocity increment 
of 900 f t / s ec  in the vertical direction (downward) approximately 2,000 miles 
uprange of the impact point, (see Figure 3) .  

miles  f rom impact a t  a flight path angle of - 2 O  . The expected 1 sigma d i spe r -  

sions of the landing point is approximately 60 nautical miles range and 30 nauti- 
cal miles track. 
of a command signal f rom the California or Guaymas station indicating "time to 
retro-fire".  
wes t  longitude , 2 5 O  north latitude. 

Entry a t  400,000 feet occurs 1,100 

The range dispersion can be reduced to 20 miles through use 

The impact point wil l  be the Mercury 3 orbit landing site at  70° 



SPACECRAFT MISSION OUJ ECTIVES 

F i r s t - O r d e r  

1. Demonst ra te  the s t r u c t u r a l  integri ty  of the adap te r  and CSM s t r u c t u r e  
fo r  flight loads to  be  encountered on manned C-1 flight. 

2. Demonst ra te  sa t i s fac tory  operat ion of the s e r v i c e  propuls ion s y s t e m  
following a long per iod  of space  enI-ii.onment. 

3 .  Evaluate  the separa t ion  s y s t e m s  for p r o p e r  operat ion.  

4 .  Evaluate  the heat  protect ion s y s t e m  of the complete  C r e w  Safety Sys tem.  

6 .  Demonst ra te  the sa t i s f ac to ry  opera t ion  of the CSM s y s t e m s  for a n  orb i ta l  
miss ion .  

7. Demonst ra te  the sa t i s f ac to ry  opera t ion  of the Recovery  Sys tem.  

8. Demonst ra te  the sa t i s f ac to ry  operat ion of GOSS during o rb i t a l  operat ion.  

9 .  Demons t r a t e  the capabili ty of G&N Sys tem to ope ra t e  sa t i s fac tor i ly  in the 
o rb i t a l  flight environment .  
c r a f t  al t i tude,  SPS t h r u s t  and en t ry  flight path will  be  evaluated. 

The abi l i ty  of the G&N s y s t e m  t o  cont ro l  space -  

Second-Order  

1. Demonst ra te  s a t i s f ac to ry  r e c o v e r y  opera t ion  techniques 
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Guidance ___ and  Navigation - System 

Flight Test Objectives SA- 10 -_--- -_ 

In order  to  man rate  the AGE prior to  SA-111 a large number of test  
objectives must be met on this flight. 
been assigned a number indicating relative importance. 

Test  objectives for each system have 

1 = First Order (MANDATORY) Objective 
2 = Second Order (REQUIRED) Objective 
3 = Third Order (DESIRED) Objective 

The system wil l  monitor the boost to  orbit  (directed by the SATURN guidance 
system), perform orbital calculations after injection, perform velocity cor rec  - 
tions, and la te r  control the reentry conditions and flight path characterist ics.  
Performance of the AGE wil l  be monitored through analysis of received data 
f rom the spacecraft during and after the flight, by trajectory analysis and by 
post flight study of the data recordings made aboard the spacecraft. 

the AGE. 
naut commanded mode changes and could also be used for emergency mode 

t ransfer  in  case of unforeseen ,:roblems 3c cir- 
the on board AGE malfunction detection equipment, which would make such a 

change desirable. 

GOSS sites to monitor the performance of the AGE. 

An up data link may be used to command mode changes in the operation of 
Such commands, sent by the GOSS s i tes  would simulate normal as t ro-  

cs 7 LG rJ -u.;~!; :light, not covered by 

This la t ter  consideration would depend on the ability of the 

AGE tes t  objectives for SA-111 and SA-112 a r e  included herein. These 
objectives are postulated on the assumption of an extended, manned orbital 
mission for both flights. 

TEST OBJECTIVES BY SUBSYSTEM 

Ground Support Equipment 
SA- 10 and SA- 11 

1. Demonstrate the ability of the GSE to support the prelaunch and countdown 

operations. (2) 
SA- 112 

N o  requirements defined at  this time. 
C om pu t e r 

SA-10 

1 .  Verify the capability of the AGC t o  withstand the environmental envelope 

of flight. (1) 
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c 
2 .  Vet-ify ability of the AGC to :ic,c,ept inputs f r o m  o the r  AGE s y s t e m s  ;is 

reqiii red (1 ) 

3 .  Evnlunte output functions of AGC. ( 1 )  

4. Evaluate pe r fo rmance  of computer  in the  following p r o g r a m s  

n) I 're-launch (1)  

h)  Monitor Boost (1) 

c )  
d)  Down T e l e m e t r y  ( 2 )  

e )  U p  Te leme t ry  ( 2 )  

f )  Equipment E x e r c i s e  (Optics)  ( 2 )  

g )  S C S  mode Control (1) 

12) Thrus t  Vector  Control  (1) 

i )  En t ry  (1) 

Midcourse and Orbi ta l  Navigation (1) 

5. Demonst ra te  the abil i ty of the "AGC Self Check ' '  and "Fa i lu re  Monitor I '  

programs  to p e r f o r m  with e i t h e r  (a) o r  (b) below 

a)  to  effect t r a n s f e r  of control  to SCS in rase of p r i m a r y  s y s t e m  
malfunction. (1) 

tl) to preclude inndvertant fa i lure  indication and switch over.  (1) 

SA-111 

1. Verify the capabili ty of the AGC to  withstand the environmental  envelope of 

flight (1) 

Demonstrate  abil i ty of the AGC t o  accept  inputs f r o m  the  Astronauts  o r  

on board appara tus .  (1) 

2.  

3 .  Evaluate output functions of AGC. (1) 

4 .  Evaluate per formance  of computer  in the following p r o g r a m s :  

P re - l aunch  (1) 

Monitor Boost (1) 

Midcourse and Orbi ta l  Navigation (1 ) 

Down T e l e m e t r y  (2) 
U p  Te leme t ry  (2 )  

Equipment E x e r c i s e  (Optics)  (1) 

Thrus t  Vector  Control  (1) 

En t ry  ( 1 )  

Display and Keyboard Program (1) 

In Flight Alignment (1 ) 

Fa i lu re  Monitor (1) 

AGC self check (1) 
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SA-1 12 

1. Demonstrate ability of the AGC to accept inputs from the Astronauts or 
on board apparatus. 

2 .  Evaluate performance of computer in the following programs: 
a) Prelaunch ( 1 )  

b) Monitor Boost (1)  

c)  Midcourse and Orbital Navigation (1) 
d) Down Telemetry ( 2 )  

e) Up Telemetry ( 2 )  

f )  Equipment Exercise (Optics) (1 )  

h) Thrust Vector Control ( 1 )  

i) Entry ( 1 )  

j) Display and Keyboard Program (1)  
k) In Flight Alignment (1) 
1) Failure Monitor (1) 

m)AGC self check ( 1 )  

Optics 
SA-10 

1. 
2. 

Verify the ability of the optics to survive the flight environment. (1)  
Demonstrate ability to perform launch pad alignment prior to evacuation of 

spacecraft. (1 )  

3 .  Evaluate thermal characterist ics in powered condition. (3)  
SA-111 

1. 
2.  Demonstrate ability to  perform launch pad alignment. ( I )  

Verify the ability of the optics to survive the flight environment. (1) 

3. Demonstrate capability to exercise optics in following modes: (1 )  

a) IMU alignment 
b) Star elevation 
c)  Landmark tracking 
d) Moon- star angle measuring 

4. Evaluate accuracy of following modes: ( 2 )  

a) IMU alignment 
b) Star elevation 
c) Landmark tracking 
d) Moon- s t a r  angle measuring 
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SA-112 

1. Evaluate accuracy of following modes: (1) 
a )  IMU alignment 
b) Star elevation 
c) Landmark tracking 
d) Moon-star angle measuring. 

2. Perform planned experiments to obtain physical data on horizon and 

landmark definition. ( 3 )  

IMU 

1. 

2 .  

3 .  

4. 

1. 

2.  

3 .  
4.  

5. 

1. 
2. 

SA-10 

Verify the ability of the IMU to perform satisfactorily throughout the flight 

envelope. ( 1 ) 

Evaluate the effects of IMU e r r o r s  during boost (attitude and velocity) as 
it effects AGC computation of the orbital parameters.  (1) 

Evaluate IMU temperature control. (2)  

Evaluate attitude control mode in orbit. (1) 
SA-I11 

Verify the ability of the IMU to perform satisfactorily throughout the flight 

envelope. ( 1 ) 

Evaluate the effects of IMU e r r o r s  during boost (attitude and velocity) as 
it effects AGC computation of the ,torbital parameters.  (1) 

Evaluate IMU temperature control (2)  

Evaluate attitude control mode in  orbit. (1) 

Evaluate IMU erection mode. (1 ) 
SA-112 

Evaluate IMU erection mode. (1) 

Exercise IMU in all modes employed in the lunar landing mission. (1) 

CDU 
SA-10 and SA-111 

Verify capability of the CDUIs to withstand the flight environment. (1) 

Verify ability of the CDU's to operate in any desired mode. (1) 
1. 
2 .  

3.  Determine CDU e r ro r s .  (3 )  

SA-112 

1. Verify ability of the CDUIs to operate in the manual modes. (1) 
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PSA - 
SA-10 and SA-111 

1. 
2. 

Verify ability of the PSA to survive flight environment. (1) 
Evaluate performance characteristics of the PSA with respect to its 
support of all guidance system requirements. (2)  

3.  
4. Evaluate PSA thermal control. (2)  

Verify mutual independence of PSA with other S/C power systems. (2) 

SA-112 
No requirements defined at  this time. 

Display and Control 

SA- 10 

1. 
2. 

Verify ability of D and C to withstand the flight environment. (1) 
Ver i fy  the electrical compatibility of the D and C in the unmanned (quiescant) 

mode of operation. (1) 
SA-111 

1 Verify ability of D and C to  withstand the flight environment. (1) 
2. 
3. 

Verify electrical  compatibility of the D and C in all implemented modes. (1) 
Evaluate the effectiveness of the D and C in allowing astronaut control of the 

spacecraft in a l l  desired modes. (1) 
SA-112 

1. 
2. 

Verify electrical  compatibility of the D and C in all implemented modes. (1) 

Evaluate the effectiveness of the D and C in  allowing astronaut control of 

the spacecraft  in all desired modes. (1) 

Data Acquisition 

1. Demonstrate the ability of all AGE instrumentation to perform properly,  
both to indicate malfunctions and to serve a s  diagnostic monitors. (2)  

Miscellaneous 
1. Demonstrate the capability of the AGE peripheral equipment - interface 

cables, structural  supports, cooling system, power source,  etc. - to  
support AGE operations during al l  phases of the mission. (2)  
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-7. p i g .  2 SA-10 mission traj:yZctory 
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APPENDIX A 

WEIGHT BREAKDOWN AND TRAJECTORY TABLES': 

This table furnishes a typical Saturn C-1 trajectory for use in design 
studies. The weight data furnished in Table A-1  are projectediestimates of 
weights which may be possible by the time of C-1 operational flights. These 
weights were obtained from P&VE Division (Reference b) as target values t o  
be used in a program of weight reduction in the S-1 stage. The information 
presented in Reference (a) is applicable to SA-111, Small changes in the 
vehicle weights listed should not produce large changes in the trajectory 

parameters given in Tables 4 - 2  and A-3 

The trajectory presented in Tables A - 2  nnd A-3 was computed assum- 
ing the mission to  be injection into a 100 n. m. orbit independent of range.'::: 
Continuous burning w a s  assumed in both first  and second stages with a three 
second coast period between stages. The first stage trajectory computation 
w a s  made over a rotating oblate earth on a 72 degree azimuth (measured 
east from north) from AFMTC, The second stage computation w a s  over a 
spherical earth. The S-1 and S-IV stages were loaded t o  their maximum 
usable propellant capacities (882,348 and 100, 000 lbs, respectively), with a 
resulting liftoff acceleration of 1. 26 g 's .  

Reference: (a) M-AERO - A-98- 62,  Subject: "Aerodynamic Characteristics 
of the Saturn SA-6 and SA-7", 

(b) M-P&VE-VA-230, "Design Fact Sheets for SA-6 and SA-111 

Vehicles, Revision 1". 

( c )  M-P&VE-PP-413-62, "S-1 and S-1B Performance Data for 

Purposes of Payload Improvement". 

Text and Data supplied by MSFC 8 January 

:::: Figs A-l  through A - 5  which follows have 
Tables A-2 and A-3. 

1963, letter M-AERO-PT-1-63. 

been prepared from the data in 
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s-I St:1gc. 

S-I Ilry Weight Inclutliiig 

S-IiS-lV lnterstnge 
Retrorocket P rope I1 ant 
‘Thrust Decay Propellants 
Residuals 

Fins and ftetrorockrt  C‘ases 

S-I Stage C‘utoff Weight 

S-IV Vented Gases l h r i n g  S-I Flight 
N2 for  S-IV Tail I’urge 
Kxpended F ros t  
Main Stage Propellanta Burned 

S-I Stage Lift-off Weight 

s-IV S1;1ge 

‘Thrust 6 x 15K Ib 

S-IV Dry Including Retrorocket 
Propel I ant 

Reserve for Flight Performance 
and Mixture Ratio Shift 

Residuals 

S-IV Stage Cutoff Weight 

Main Stage Propellants Burned 
Helium Heater Propellants 

S-IV Stage Lift-off Weight 

Payload Weight‘:’ 
Payload Contingency 
1,aunch Escape Propulsion System”.’ 
S-IV Weight Loss During Sep/Start  
Vehicle Instrument Unit 

102 ,116  
2 , 0 0 5  
1 , 3 4 0  
2 , 8 2 8  

1 2 . 7 9 3  

1 2 1 , 0 8 2  

324 
504 

1 , 0 0 0  
8 0 2 , 3 4 8  

I ,  0 0 5 , 2 5 8  

1 = 4 2 R  5 ser  (VAC) 
SP 

1 2 , 4 9 2  

1 , 0 0 0  
4 94 

13, 986 

9 9 , 5 0 0  
23 

1 1  3 , 5 0 9  

*Payload Weight Brea kdow I 1 

Command Module ( l e s s  crew) 8050 I t ) .  

Service Module IO205 Ib 

Adapter 

Fuel, SM Propulsion 

800 Ib 

2145 111 

Reserve 500 lb 

TOTAL 22500 I b  (Orbital) 

”‘*Jettisoned at  Boost Stage Cutoff 

1 2  

2 2 , 5 0 0  
390 

6 , 6 0 0  
501 

2 , 4 6 8  
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APPENDIX R 

Figures  B-1 and B-2, contained in th i s  appendix, i l l u s t r a t e  

s o m e  var ia t ions  on the  en t ry  flight path and environment  that  r e su l t  

f r o m  choosing different en t ry  ranges.  Additional var ia t ions  can be  

induced by modifying guidance s t r a t e g y  p a r a m e t e r s .  

These  c u r v e s  sugges t  that  a t r a j e c t o r y  may ex is t  which 

significantly enhances heat shield and s t r u c t u r a l  t e s t  object ives  

without compromising guidance t e s t  objectives.  
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APPENDIX C 

G 8: N F a i l u r e  Monitor System 

F i g u r e  C-1 i l l u s t r a t e s  the G hr. N F a i l u r e  Monitor System 

With the exception proposed f o r  the  u s e  on the SA-10 miss ion .  

of the "sample  problem monitor" f ea tu re ,  this  sys t em is 

incorpora ted  in a l l  G & N sys t ems  and s igna ls  a f a i lu re  by 

l ighting one or m o r e  r ed  lamDs. 

f ea tu re  may be  n e c e s s a r y  to  detect AGC fa i lu re s  which on 
manned miss ions  would be  easi ly  sensed  by the astronaut .  

f a i lu re  would cause  t r a n s i e r  of control  f r o m  the  G p1 N s y s t e m  

t o  the SCS backup p rogrammer .  

The  "sample  problem monitor"  

Any 
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