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b3070 ABSTRACT 

A description is given of the Atlas in  its original 
configuration and the changes necessary  f o r  use as a Mercury  
booster .  

The  Abort  Sensing and Implementation System (ASIS) 
was added to t r igger  the escape mechanism p r i o r  to a 
catastrophic fa i lure  and is descr ibed.  
monitored by the ASIS a r e  l is ted and discussed. 

T h e  parameters  

The t e s t  p rogram descr ibed is basically l imited to 
checkout at AMR. 
d iscussed  that have a par t icular  bearing on the AMR 
Operations.  
i n c r e a s e  the reliabil i ty a r e  a l s o  discussed. 

Those tasks  performed at the factory are 

Added testing and philosophy cnanges made to 

The Pi lo t  Safety P r o g r a m  was implemented to insure  
that everything humanely possible would h e  done to provide 
the pilot with the maximum of safety.  

The flight testing a t  AMR consists of unloading the 
a i rp lane ,  laboratory checks,  erection of the launch vehicle 
on the t e s t  s tand,  sys tem checkout, tanking tes t ,  Flight 
Acceptance Composite Tes t  (FACT),  spacecraf t  mate and 
joint test between spacecraf t  and launch vehicle. A b a r  
char t  of the MA-8 countdown i s  included for  reference.  

A flow char t  is used  to show all tes t  procedures in  
their  idea l  sequence. 
discussed.  

The highlights a r e  pinpointed and 

INTRODUCTION 

FIVE! FOUR! THREE! TWO! ONE! LIFTOFF! 
I t  is now 9:47:39 EST, the morning of 20 F e b r u a r y  1962. 
next five and one-half minutes held m o r e  tension and 
excitement for  the Atlas launch crews at Cape Canaveral  and 
the people of the f r e e  world than all other Atlas launches 
combined. 
and Atlas 109-D were  then successfully in  orbi t .  

The 

John Glenn, his Mercury spacecraf t ,  Fr iendship 7 

The flight of Fr iendship 7 was the climax of months of 
painstaking testing and retesting. 
checkout had been preceeded by years  of planning, unmanned 
and manned Redstone flights, and unmanned Atlas fl ights,  
all f r o m  Cape Canaveral. The r o a r  of the Atlas engines could 
just  be heard  over the cheers  f rom the thousands of spectators  
on the beach. 
the spectators  on the beach were  heard  around the world. 

All of this meticulous 

The r o a r  f rom the engines and the cheers  of 

This first orbital  flight of a n  American in  the Mercury 
P r o g r a m  wil l  go down in  his tory along with the flight by the 
Wright Brothers  at Kitty Hawk and the suborbital  flight of 
Alan Shepard in  his F r e e d o m  7 spacecraf t  aboard the Red- 
stone rocket. 

il 
g 
r 



PROGRAM DEFINITION 

P r o j e c t  Mercury i s  the United States of Amer ica  Man in 
Space P r o g r a m  managed by the National Aeronautics and 
Space Administration. 
a re :  

The objectives of the Mercury Program 

1. To place a manned spacecraf t  into orbi ta l  flight 
around the earth.  

To investigate the capabilities of m a n  in  the new 
environment. 

2. 

3 .  To recover  successfully the spacecraf t  and i ts  
occupant. 

The  Atlas launch vehicle is furnished to NASA by the 
Space Systems Division of the United States Ai r  Force.  
Aerospace Corporation provides technical ass is tance to all 
assoc ia te  contractors via the USAF. 
Astronautics is the pr ime contractor f o r  assembly ,  check- 
out and launch serv ices  in addition to supplying severa l  
e lectronic  sys tems.  

General  Dynamics 1 

LAUNCH VEHICLE DESCRIPTION (Figure  I )  

The  Atlas was chosen f o r  orbital  f l ights since it was the 
m o s t  re l iable  vehicle available,  capable of the mission,  in 
the t ime span compatible with the Mercury P r o g r a m .  The 
launch vehicle consists of a n  a i r f r a m e ,  propulsion sys tem 
and equipment pods to protect  the electronics  equipment. 

The a i r f r a m e ,  less  the payload, i s  approximately 75 
feet  long. 
of the tanks.  
the equipment pods to a maximum diameter  of 16 feet. 
fuel and  lox tanks,  which a r e  10 feet in d i a m e t e r ,  a r e  
constructed in a unique manner ;  there  a r e  neither internal  
f r a m e w o r k  nor s t i f feners .  
to r e t a i n  their  shape and rigidity. 
constructed of s ta inless  s tee l  sheets varying in thickness to a 
maximum of 0. 048 inches depending on the local s t r e s s  

The equipment pods a r e  mounted on the outside 
The thrust  section has a gradual  taper  f r o m  

The 

The tanks depend on pressurizat ion 
The en t i re  tank section i s  

developed by General Dynamics /Astronautics and the welding 
industry for  this task.  

The propulsion sys tem i s  furnished by the Rocketdyne 
Division of North American Aviation. The two booster engine 
thrust  chambers have a thrust  of approximately 165,000 lb. 
each. The booster thrust  chambers ,  their  turbo-pump power 
package, valves and piping a r e  a l l  mounted in the jettisonable 
booster section. 
engine package i s  held in place by ten separation fittings. 
single chamber ,  6 0 , 0 0 0  lb. thrust  sustainer  engine and the 
turbo-pump power package, necessary  valves and plumbing 
a r e  completely surrounded by the booster section. 
separation fittings a r e  broken and the sustainer  chamber is 
nulled at the prec ise  moment  af ter  booster engine cutoff to 
allow the expended booster engines to s l ide f r e e  o f  the 
s u s  tainer engine. 

The honeycomb Fiberglas  constructed booster 
The 

The 

There a r e  two vernier  engines with a thrust  of approx- 
imately 1 , 0 0 0  lb. each. 
end of the fuel tank and a r e  canted a t  a 30 degree angle to 
protect  the booster package f rom the f lame impingement.  

The vern iers  a r e  mounted on the aft 

The D s e r i e s  Atlas was designed a s  a one and one-half 
s tage miss i le  with the advantage of the added reliabil i ty of 
start ing a l l  engines on the ground pr ior  to re lease.  Other 
inherent advantages of this design include the simplification 
associated with the requirement  for only one fuel and one lox 
tank and a single pressurizat ion sys tem for each tank. 

After  booster engine cutoff, the in-flight s teer ing is 
accomplished v ia  a radio guidance system. 
system consists of a pulse beacon, ra te  beacon, decoder and 
antenna. The guidance ground station has a radar  and digital 
computer.  The r a d a r  and airborne components a r e  designed 
and built by the General Electr ic  Company. 
was designed and built b y  the Burroughs Corporation. The 2 
guidance ground station is operated and maintained by the E 

management of the United States Air F o r c e  6555th Aerospace '  
Tes t  Wing. 
to the Air Force on the guidance system as well a s  the launch 

The a i rborne  

The computer 

General Electr ic  and Burroughs Corporations under the ii 
IJ Aerosapce Corporation i s  the technical adviser  

conditions. A special  welding technique and machinery were  vehicle. 

L 



CHANGES TO THE LAUNCH VEHICLE FOR PRO= CT 
MERCURY (Figure  2) 

. I  

The Atlas weapon sys tem was not designed with the 
reliabil i ty requirements  imposed by Pro jec t  Mercury. 
fore ,  NASA, the  United States Ai r  F o r c e  Space Systems 
Division, and General  Dynamics/Astronautics made the 
decision to u s e  the D s e r i e s  weapon sys tem missi le  in  its 
original configuration with only those changes necessary  to 
( I )  accomplish the mission,  o r  (2) improve reliability. 
change was requi red  for  one of the above reasons ,  the USAF 
and General Dynamics /Astronautics required the new 
components to be flown on some other program pr ior  to u s e  
in  the Mercury  Program.  
the mission are:  

There-  

If a 

l h e  changes required to accomodate 

1. 
2.  
3 .  

4. 
5. 
4. 
7 .  

8.  

Spacecraf t  adapter .  
W-et s t a r t  of engines. 
Replacement of the te lemetry package by a n  
all t ransis tor ized lightweight te lemetry sys tem.  
Removal of re t rorockets .  
Insulation of lox dome. 
Deletion of vern ier  solo phase. 
Three-second delay in  range safety command 
des t ruc t  signals.  
Addition of Abort  Sensing and Implementation 
System (ASIS). 

Those changes made to improve reliabil i ty a re :  

1. Boiloff valve. 
2 .  Square autopilot. 
3 .  
4. Insulation bulkhead removal.  
5. Guidance canis ter ,  Leap-frog philosophy. 
6. I n c r e a s e  of skin thicknesses of the forward end 

Installation of baffle injector in booster engines. 

of the lox tank. 

Mission Cnanges: 

I. Spacecraf t  adapter.  The adapter i s  a cylindrical 
section approximately five fee t  long and s i x  feet  in diameter  
which attaches the Atlas and spacecraf t  together for  powered 

flight. 
designed and built by the MacDonnel Ai rcraf t  Corporation. 
spec ia l  interface committee composed of NASA, Air F o r c e ,  
General  Dynamics /Astronautics and MacDonnel coordinates 
the mechanical and electr ical  interfaces .  The adapter  is 
peculiar to the Mercury mission and could not be flown on 
other 'missions pr ior  to use in  the Mercury-Atlas s e r i e s .  

All adapters  used in  the Mercury P r o g r a m  a r e  
A 

2.  Wet start of engines. The water lead o r  "Wet start" 
had been used in  the e a r l i e r  Atlas R&D flights but was discarded 
f o r  operational miss i les .  I t  is accomplished by filling the fuel 
jacket of the thrust  chambers  with disti l led water in  the launch 
pre-count. 
allowing l ighter skin sections on the aft end of the m i s s i l e  tank. 
This saving of approximately 60 lb. allows the Atlas to c a r r y  
a n  equivalent number of pounds of payload with no added flight 
complications. 

This c rea tes  a s lower thrust  build-up, thus 

3 .  Replacement of the te lemetry package by a n  all 
t ransis tor ized lightweight te lemetry system. The te lemet ry  
s y s t e m  was replaced by a t ransis tor ized te lemetry s y s t e m  at 
a weight saving of 85 to 90  pounds, again allowing this much 
more  added payload. This lightweight sys tem was developed 
for  the Centaur P r o g r a m  and has essentially the s a m e  m e a s u r e -  
ment  capability a s  the te lemetry sys tem on other Atlas launch 
vehicles.  

4. Removal of re t rorockets .  Since the spacecraf t  has 

This allowed the space-  
posigrade rockets for separat ion f rom the launch vehicle,  the 
Atlas re t rorockets  were  removed. 
c ra f t  to have identical separation sequence on the Redstone 
flights and Atlas flights. 
under the spacecraf t  inside the adapters  in  the s a m e  cluster  
with the retrograde rockets.  

The posigrade rockets a r e  slung 

$ 
5. Insulation of lox dome. The top of the lox tank was 

insulated to shield the tank f rom the posigrade rocket blast  a t  (J 

separation and to protect  the posigrade and retrograde rockets 
f r o m  extremely low tempera tures  of the lox tank. 
insulation consists of a Fiberglas  skull  cap fitted to the lox 
dome. 

This 



6. Deletion of vern ier  solo. The vern ier  solo package 
was removed s ince the accuracy  requirements  for Mercury  
orbital  launches a r e  l e s s  than those for  ball ist ic t ra jectory 
a t  ICBM ranges.  
the launch vehicle propulsion sys tem l e s s  complicated by 
eliminating the requirement  to ref i l l  and r e p r e s s u r i z e  the 
vernier  so lo  tanks in  flight. 
in  a significant weight savings on the launch vehicle which 
could be added to the spacecraf t .  

The deletion of the vernier  so lo  phase made 

Removing this equipment resulted 

7. Three-second delay in range safety command destruct  
In the event of a malfunction in  flight requiring the signals. 

Range Safety Off icer  to command a manual fue l  cutoff and 
ultimately a des t ruc t ,  a three-second delay between fuel cut- 
off and d e s t r u c t  was added to allow the spacecraf t  to separate  
a safe  distance p r i o r  to destruction of the launch vehicle. 

8 .  Abor t  Sensing and Implementation System (ASIS). 
The ASIS ( F i g u r e  3 )  was added to provide automatic protection 
for the as t ronaut  in  the event of a catastrophic failure of the 
launch vehicle during powered flight. It i s  designed to detect  
a n  impending catastrophic fa i lure  and trigger the spacecraf t  
escape mechanism in  time to afford the maximum of safety to 
the astronaut .  The p a r a m e t e r s  monitored by the ASIS were 
selected on the basis  of an analysis of data f r o m  all previous 
static and fl ight tes t s .  

The launch vehicle was further analyzed f o r  possible 
fa i lures  which had not occurred in previous fl ights o r  s ta t ic  
tes ts  but which could c rea te  a catastrophic condition. 
p a r a m e t e r s  monitored a r e  sustainer  hydraulic p r e s s u r e ;  fuel 
and lox tank differential  p r e s s u r e ;  lox tank p r e s s u r e ;  115 volt 
a - c ,  400 cyc le ,  Phase  A; 28 volts d-c;  continuity of the 
interface between the launch vehicle and spacecraf t ;  miss i le  
pitch, yaw and  rol l  attitude r a t e s ;  and the fuel  manifold 
p r e s s u r e s  of the three main engines. 

The 

a. Sustainer  hydraulic p r e s s u r e .  The  sustainer  
hydraulic p r e s s u r e  measurement  is an indication that 
the engine and plumbing a r e  intact ,  the turbopump is 
s t i l l  functioning and there  i s  a n  adequate supply of 
hydraulic p r e s s u r e  to  enable the autopilot to provide 
miss i le  stability. 

( c 

b. Lox tank p r e s s u r e .  The lox tank m u s t  be 
pressur ized  to maintain s t ruc tura l  integrity of the 
launch vehicle and provide the necessary  s ta t ic  
head p r e s s u r e  to the engine turbopumps. 

c. Differential p r e s s u r e .  The fuel  tank m u s t  
be  pressurized to maintain a i r f r a m e  integrity and 
provide the necessary  head p r e s s u r e  to the turbo- 
pumps. In addition, the fuel tank p r e s s u r e  m u s t  
be  g r e a t  enough to overcome the forces  f r o m  lox 
weight, g-load and lox tank p r e s s u r e  on the p r e s s u r e  
bulkhead. The requirement  for  monitoring the fuel 
tank p r e s s u r e  and differential  p r e s s u r e  can be ful-  
filled by the bulkhead differential p r e s s u r e  m e a s u r e -  
ment.  

d. Four-hundred cycle,  115 volts a - c .  This 
p a r a m e t e r  must  be monitored since the autopilot 
has  three phase spin motors  in  the gyros and 
uses  Phase  A for  all signals.  
would resu l t  in  miss i le  instability and ult imately 
breaking up. 

The loss  of P h a s e  A 

e. Twenty-eight volt d-c.  The 28 volt d-c  is 
The autopilot sys tem the p r i m a r y  missi le  power. 

used the 2 8  volts d-c  to power al l  t ransis tor ized 
s tages .  The loss  of d-c  power followed by miss i le  
instability would resu l t  in a catastrophic condition. 

f .  Continuity of interface between the launch 
vehicle and spacecraft .  The 28 volt signal through 
the interface between the launch vehicle and space-  
c raf t  is monitored. This  indicates s t ruc tura l  
integrity of the adapter and forward section of 
the launch vehicle and the electr ical  interface is 
s t i l l  capable of passing all normal  o r  abor t  
commands. 

? 
g. Missile attitude ra tes .  The miss i le  

B attitude rates;  pitch, yaw and rol l ,  a r e  monitored 
for an over-rate  condition. 
fa i lures  have always been accompanied by excessive 
miss i le  attitude disturbance p r i o r  to a n  ult imate 
fa i lure .  

All previous flight 



h. Booster  one, booster two, and sustainer 
fuel  manifold p r e s s u r e .  
and s t a t i c  tes t  data revealed that a major  engine 
malfunction was always preceded by a decrease  
in at least one of the engine fuel  injection mani-  
fold p r e s s u r e s .  

An additional design requirement  was that an erroneous 

Analyses of the flight 

abor t  signal could not be generated by a component fa i lure  
within the ASIS. 
f i r s t ,  by adherence to a rigid tes t  program placed upon the 
ASIS and all of its components. All components used in  the 
sys tem had previously demonstrated their  reliability through 
many R&D flights. 

This protection is provided i n  two ways, 

The second,  and probably m o s t  significant self-protection 
scheme,  is the redundancy designed into the system. Each of 
the p a r a m e t e r s  monitored has dual t ransducers  o r  other 
devices to pro tec t  against  single fa i lures  such a s  a p r e s s u r e  
switch fa i lure ,  broken wire ,  shorted diodes, etc.  The 
circui t ry  within the Abort  Sensing Control Unit (ASCU) 
canis ter  was  designed and constructed for maximum 
reliability. 
example of this  design. 

A diode mat r ix  a s  shown i n  Figure 4 is a typical 

This redundancy proved i tself  in  the flight of MA-7. The 
sense l ine to sustainer  hydraulic p r e s s u r e  switch number two 
was apparent ly  frozen during flight, decreasing the p r e s s u r e  
applied to this  switch and creating a single abort  condition a t  
four minutes and 25 seconds af ter  liftoff. The ASIS properly 
interpreted this single ASIS malfunction and did not c rea te  a n  
abor t  command a s  evidence by the successful three orbi ts  of 
Scott Carpenter .  
analyzed to s e e  i f  the parameters  for  ASIS would have been 
valid during that flight. 

Each new flight on an Atlas missi le  i s  

Reliabil i ty changes: 

1. Boiloff valve change. The lox boiloff valve was 
changed f r o m  the weapon sys tem valve to a type s i m i l a r  to 
that used in  the C s e r i e s  R&D flight tes t  program. The t rade-  
offs involved were  a more  reliable valve but with l e s s  capacity 
than the operational valve being developed, which would have 

be t te r  logistics.  
had an ample capacity for the Mercury miss ion  which is 
tanked a t  a slower rate than operational miss i les .  

Fur ther  study indicated C s e r i e s  type valve 

2 .  Square autopilot. The autopilot change was created 
to replace the potentially unreliable Electro-Mechanical 
P r o g r a m m e r  (cam and m i c r o  switches) with a n  all electronic 
t ransis tor ized p r o g r a m m e r .  The new autopilot consists of 
four  square packages; p r o g r a m m e r ,  gyro,  s e r v o ,  and rate  
gyro in  place of the previously round canis ters .  
package was moved forward on the tank section to a m o r e  
sensit ive location to compensate for the change in  center  of 
gravi ty  which was a resu l t  of the heavy spacecraf t  being mounted 
on the forward end. 
ASIS over - ra te  detection system. 

The rate  gyro 

Redundant ra te  gyros were added for  the 

3. Installation of baffled injector in booster engines. 
The rocket engines have shown t r a c e s  of combustion instability 
a t  various t imes during the rocket engine and weapon sys tem 
development programs.  
injectors  that a r e  now installed in  the booster engines to 
counteract this potential p r e s s u r e  instabil i ty,  
injectors were certified for use on the MA-8 mission and will 
be used on all subsequent Mercury missions a s  well a s  most  
other space programs using the Atlas.  These baffles smooth 
out combustion p r e s s u r e  t ransients  in the thrust  chamber in  
the s a m e  manner  fluid flow turbulence i s  controlled by baffles 
in a pipe. 

Rocketdyne's solution was the baffled 

The baffled 

4. Removal of insulation and insulation bulkhead. The 
insulation bulkhead i s  a layer  of Styrofoam located inside the 
fuel tank to minimize the heat t ransfer  f r o m  the fuel  to the 
lox. This insulation is supported by a n  aluminum bulkhead 
with a strength capability of support  d ry  Styrofoam with an 
adequate safety factor .  
remove this insulation and supporting bulkhead when i t  was 
discovered that a smal l  fuel seepage was wetting the Styrofoam 
and reducing the dry  weight safety factor .  
used a special  tanking technique which fur ther  minimized the 
possibil i ty of the insulation being wetted with fuel and 
jeopordizing the flight. The insulation was removed f rom # 

y\ 
possibil i ty of any fur ther  launch delays. 

The MA-6 launch was delayed to 

The MA-7 mission 

$ 
I MA-8 and subsequent Mercury missions to preclude the 

This insulation was 



not used during the A ,  B and C s e r i e s  R&D flights.  It was 
added in the D s e r i e s  with the expectation of improving the 
launch vehicle performance.  
showed the performance gained to be smal l  in  comparison to 
the added complexity,  so  the design was eliminated on E and 
F s e r i e s  m i s s i l e s .  

Data analysis subsequently 

5. Guidance canis te rs ,  leap-frog philosophy. This plan 
involves the u s e  of a i rborne equipment identified for Ground 
T e s t  Only (GTO) in place of flight qualified P r o j e c t  Mercury 
canis ters  in all situations where the flight qualified equipment 
i s  not required.  
flight certif ication but i s  electrically and mechanically 
equivalent i n  all other respects .  There i s  no maximum hours 
limitation on the tes t  canis ters  a s  long as they m e e t  the s a m e  
t e s t  p a r a m e t e r s  a s  the flight units. 
canis ters  are  installed f o r  all m a j o r  composite tests.  

The GTO canis ter  does not have to pass  the 

Mercury  cer t i f ied flight 

6. I n c r e a s e  of skin thicknesses of the forward  end of the 
The  skin thicknesses on the forward  end of the lox lox tank. 

tank were i n c r e a s e d  to provide adequate design safety factor for  
the heavy s t r e s s  loads imposed by the spacecraf t .  

GENERAL TESTING PHILOSOPHY 

Although the checkout, operating and maintenance 
procedures  have always been scrutinized and revised when nec-  
e s s a r y ,  s p e c i a l  Pro jec t  Mercury  review t e a m s  were  formed at 
the factory,  the complex and the guidance ground station. The 
only changes made were  those n e c e s s a r y  due to Mercury config- 
uration differences;  changes to increase  reliabil i ty of testing, 
and changes to provide bet ter  documentation. 
added rel iabi l i ty  requirements  of the Mercury  P r o g r a m ,  General  
Dynamics/Astronautics created a new c r i t e r i a  for selection of 
cr i t ical  i t e m s .  
acceptable tolerance band allowable for other Atlas miss i les .  
These components should neither be high nor low, and they 
should have a very  minimum of rework. 

To fulfill the 

These i tems  a re  selected f r o m  the middle of the 

An extensive indoctrination program for all General 
Dynamics /Astronaut ics  employees and subcontractors  working 
on Mercury  components was instituted a t  the beginning of the 
program.  
about t( 

This  program consisted of educating all employees 
,bjectives and national importance of the Mercury 

Program.  
(Figure 5 and Figure 6) is attached to selected cr i t ical  
components during the manufacturing o r  checkout phase. 
These cri t ical  i t ems  receive additional c a r e  since each 
employee knows he is contributing to the safety of the 
astronaut.  
is used at General Electr ic .  
canis ters  a r e  identified with a Pro jec t  Mercury decal 
(Figure 7 )  and receive special  attention during manufacturing, 
checkout, shipping and storage.  

As a reminder to the employee, a Mercury decal 

A s i m i l a r  indoctrination and identification program 
All flight certif ied guidance 

P r i o r  to acceptance of a Mercury-Atlas launch vehicle at 
the fac tory ,  the miss i le  his tory and open tasks a r e  reviewed s o  
a s  to a s s u r e  General  Dynamics/Astronautics and the customer 
that all tasks have been incorporated a t  the factory.  
eliminates all modifications to Mercury-Atlas launch vehicles 
a t  AMR. 

This 

The checkout of the completed miss i le  at AMR with a 
different  crew and tes t  equipment c rea tes  a redundancy in testing 
and essentially eliminates the acceptance of a faulty component 
in  the field a s  a resu l t  of a personnel e r r o r  o r  a malfunction in  
a piece of tes t  equipment. 

Component testing. Individual components a r e  tested a t  
the factory for conformance to specifications. 
i t e m s ,  i . e . ,  gyros and regulators ,  a r e  selected a t  the 
component level to a new cr i ter ia  and decals a r e  applied f o r  
identification. Special handling and documentation begins at 
this t ime and continues as long as the component is assigned to 
the Mercury Program.  

Some cr i t ica l  

Subsystem testing. During the assembly  and testing of 
subsystems,  autopilot can is te rs ,  propellant utilization canis te rs ,  
e t c . ,  nominal subsystems a r e  again selected.  The pedigrees ,  
his tor ies  and t e s t  data a r e  reviewed for acceptability to 
Mercury standards.  
to the subsystem a t  this t ime. 
for  rapid identification. 

More rigorous testing i s  generally applied 
Once accepted a n  i t e m  i s  decaled 

E 
The sys tems tes t s  conducted on 6 

I the launch vehicle a t  the factory a r e  s i m i l a r  to those p e r f o r m e d 6  
on the Weapon sys tem miss i les .  

F 

Factory sys tem testing. 

The only changes have been 
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PILOT SAFE'I Y PROGRAM 

A pilot safety program was devised and implemented by 
the Air  F o r c e  and their  technical advisors .  
consists of th ree  basic p a r t s ,  fac tory  roll-out inspection, 
design review, and review of t e s t  procedures  and documen- 
tation. 

This p rogram 

The fac tory  roll-out inspection is a refinement of the 
miss i le  acceptance used  throughout the K&D flight t e s t  p rogram.  
More emphasis  is placed on a completed launch vehicle,  complete 
and adequate documentation, complete testing and data  
evaluation. 

The design review is a m o r e  complete analysis  of proposed 
design changes by the assoc ia te  contractors .  

Probably the mos t  significant contribution to the success  
of the Mercury  P rogram is the review of tes t  procedures  and 
documentation. 
reviewed by working teams fo r  complete and meaningful 
testing. The completed t e s t  procedures  a r e  reviewed by this 
s ame  working team for  compliance,  complete documentation 
and any trend in the tes t  data  that might indicate a n  impending 
fai lure .  
system engineer ,  Aerospace sys t em engineer ,  the Air  Fo rce  
P ro jec t  Officer and USAF quality control. 
t eams were formed as a technical organization but have 
contributed even more  by creating the team sp i r i t  in all 
members .  

The tes t  procedures  a r e  continually being 

The working team is composed of a cont rac tor ' s  

These working 

The working teams repor t  to the Active Review Team.  
Tile Active Review Team ei ther  accepts  o r  re jec ts  the 
recommendations of the working teams.  
not taken the required action as recommended by the working 2 
t eam,  then the Active Review Team can give the necessa ry  
Air  F o r c e  direction. The Active Review Team has one member1 

-1 each f rom the 6555th ATW, USAF quality control,  and Aero -  
space Corporation. 
tative. 

If the contractor  has  

The cha i rman is the Aerospace r ep resen -  

those that a r e  necessa ry  because of the miss i le  configuration 
differences and  improved tes t  equipment that has previously 
been used on o ther  programs.  
manual gyro table which has been replaced by the new automatic  
gyro  checkout se t .  The automatic test is  more  rigorous and  has  
a tes t  t ime of two hours as compared to approximately 24 hours 
on the old table.  

An example of the l a t t e r  is  the 

All  sys t ems  a r e  tested individually f o r  compliance to 
specifications.  This includes tes t s  similar to gyro torque 
rates, engine s ta t ic  gains ,  autopilot f requency response,  
miss i le  e lec t r ica l  s ta t ic  and dynamic checkout, propulsion 
leak and functional tes t ,  ASIS harness  and pre,ssure switch 
checkout and  pneumatic and hydraulic leak and dynamic tes t .  

At the successfu l  completion of all individual sys t ems  
tes t s  and a n  autopilot-guidance integrated tes t ,  the mis s i l e  is 
subjected to a f inal  composite tes t .  
mi s s i l e  sys t ems  a r e  operating on internal  power in as nea r  a 
flight configuration as possible.  
s imi l a r  to a flight. 
devices.  
interference between sys tems and compliance to the sys t em t e s t  
pa rame te r s  with sl ightly wider tolerance.  

During the composite,  all 

Each sys t em is exerc ised  
Fuses  a r e  blown in place of pyrotechnic 

The  data  is reviewed for  compatibility and non- 

Search  for  Cri t ical  Weaknesses (SFCW). A new tes t  has  
been devised f o r  the Mercury P r o g r a m  and is named,  s e a r c h  
for  cr i t ical  weaknesses .  The philosophy on this tes t  is s t ra ight  
forward and consis ts  of running a tes t  to determine the weakest 
l ink in  the chain. During this SFCW tes t ,  the components a r e  
exposed to excessive vibrat ions,  t empera tures ,  humidity, over -  
voltage, under-voltage,  over-frequency,  e tc .  , until a fa i lure  
occurs .  
finding the weak link, then strengthening this l ink.  The SFCW 
tes t  is run on all cr i t ical  components and then must  be 
repeated after any major  redesign. 

The chain is made s t ronger  and more  reliable by 



FACTORY ROLL-OUT INSPECTION 

After  the completion of a composite test at the factory,  
the Genera l  Dynamics /Astronautics data evaluation group in 
San Diego reviews the data to determine i f  the  composite is 
acceptable o r  not acceptable.  If the composite is acceptable 
to General  DynamicsIAstronaut ics ,  San Diego, the data is 
turned ove r  to the USAF quality control f o r  review. 
data is accepted  by A i r  F o r c e  quality control ,  the roll-out 
inspection t e a m ,  composed of USAF-SSD, Aerospace  and 
General  Dynamics/Astronaut ics ,  is convened in San Diego f o r  
the following purposes:  

After the 

1. Audit  all open tasks .  
2. 
3 .  
4. 

Review the composite tes t  data. 
P e r f o r m  a physical inspection of the missi le .  
Review the pedigree of all selected c r i t i ca l  
components ass igned to the Mercury  P rogram 

The missile is prepared  for  shipment to AMR when all 
conditions are sat isfactory to the roll-out inspection team. 

FLIGHT TEST 

The fl ight test philosophy used  in the Mercury  P rogram is 
ve ry  s i m i l a r  to the tes t  p rogram used during the R&D Atlas 
development program.  
documentation, data analysis  and availabil i ty of backup s p a r e s .  
The autopilot  and ASCU canis ters  a r e  removed f rom the mis s i l e  
at AMR and  placed in the autopilot and ASCU laborator ies  f o r  
retesting individually and as a m a r r i e d  set; r a t e  gyros a r e  
m a r r i e d  to ASCU ove r ra t e  detectors .  This retesting at AMR 
with a d i f fe ren t  c rew,  on a different (but identical)  t es t  s e t ,  
and with a d i f fe ren t  data evaluation group, essent ia l ly  
eliminates the possibil i ty of passing a faulty component a s  a 
resul t  of a faulty tes t  s e t  or  human e r r o r .  
ASCU procedures  used a t  San Diego and AMR a r e  identical and 
the testing is performed on identical  test sets in  o rde r  to make  
a compar ison  of field and fac tory  data for  t rends.  

More emphasis has  been placed on 

The autopilot and 

There  a r e  normally three s e t s  (called the flight s e t ,  the 
f i r s t  back-up s e t ,  and the second back-up se t )  of c r i t i ca l  
ran is te rs :  autopilot ,  ASCU, propellant uti l ization, telemetering 

and guidance associated with each mis s i l e  a t  AMR. 
and f i r s t  back-up se t s  undergo a complete checkout in  the 
laborator ies  and on the launch vehicle a t  the complex at AMR. 
The f i r s t  back-up s e t  is then stowed in a bonded area for  use  
in  the event of a flight component fa i lure .  The third set, o r  
second backup s e t ,  normally only has passed  the laboratory 
checkout in San Diego and AMR. 
a checkout on the back-up canis ters  is to minimize the amount  
of delay i n  the launch date i f  a canis ter  fa i ls .  

The flight 

The reason for  performing 

The Mercury launch team was selected f rom Genera l  
Dynamics/Astronautics and associated contractor personnel .  
Only the mos t  qualified engineers ,  technicians and mechanics  
a r e  assigned to P ro jec t  Mercury. 
ground investigation is required for  all employees to a s s u r e  the 
maximum of secur i ty  to the launch vehicle and supporting 
Aerospace Ground E3uipment (AGE). 

A special  secur i ty  back-  

Upon a r r i v a l  at AMR, the mis s i l e  is unloaded f r o m  the 
airplane and t ransported to the hanger assembly  a r e a .  'The 
mis s i l e  is lifted f rom the t ra i le r  used  for  air t ransportat ion 
and placed in a different type of t r a i l e r  for  erect ion a t  the 
AMR. 
San Diego. 

The air t ranspor t  t ra i le r  is air -delivered back to  

The launch vehicle is completely inspected for damage 
during t ransi t .  
Those i tems removed fo r  air  t rans i t  a r e  installed p r io r  to 
launch vehicle erect ion a t  the complex. Concurrently with 
this inspection and installations in the hanger assembly  a r e a ,  
the complex is being prepared  for launch vehicle e rec t ion  and 
the autopilot and ASCU canis ters  a r e  being tes ted in the 
laboratory a r e a .  

An inventory of all components is performed.  

An idealized tes t  sequence char t  used on Missile 113-D 
(MA-8) is  shown in Attacnment A and covers  a l l  General  
Dynamics /Astronautics test procedures  requi red  f o r  checkout 
of a launch vehicle. 

4 A normal  checkout consists of testing each sys tem (auto 
pilot ,  guidance, ASIS, etc.  ) ,  in a manner  ve ry  s imi l a r  to the I 

t e s t  performed in San Diego. A different cheikout procedures 
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t 

is used  s ince  the launch AGE is used. 
m e t e r s  tes ted a r e  identical  to those used in San Diego except 
for  wider  tolerances.  

However, the p a r a -  

In addition to a i rborne sys t ems  checkout, all AGE under-  

A booster  flight acceptance composite 
goes a checkout e i ther  before erect ion o r  with the launch 
vehicle a f t e r  erection. 
t e s t  (B-FACT) s imi l a r  to the San Diego composite tes t  is 
per formed on the vehicle a f te r  the sat isfactory completion of 
all individual sys tems tes ts .  Flight components a r e  used  in .  
all sys t ems  except fuses  a r e  substituted fo r  pyrotechnic. The 
B-FACT consists of running a shor t  countdown s imi l a r  to the 
launch countdown, testing of all e lectr ical-electronic  sys tems 
on ex terna l  power,  switching to internal  power, proceeding 
through a simulated engine ignition, umbilical ejection and 
allowing all RF sys tems to pe r fo rm with the range and guidance 
ground s ta t ion in a manner  s imi l a r  to the launch operations.  
The guidance ground station sends all d i scre te  commands close 
to  the nominal flight t imes.  The objectives of the B-FACT a r e  
to  prove compatibility and noninterference between sys tems on 
in te rna l  power with the umbilical  removed and that  neither the 
propulsion nor  other a i rborne systems will shut down a t  
umbilical  ejection and that all sys tems will go through a normal  
flight sequence. After  the successful  completion of a B-FACT, 
the spacec ra f t  can be mated to the launch vehicle. 

The  Mercury P r o g r a m  is different  f r o m  other p rograms  
using the Atlas launch vehicle in requiring a completion of a l l  
launch vehicle testing pr ior  to mating of the payload. This 
policy makes  it possible for  the launch vehicle personnel  to 
support  the spacecraf t  testing with a minimum of interference 
and delay. At  the completion of the Joint-FACT, the world- 
wide t racking network and ocean-going vehicles a r e  deployed, 
thus the maximum of testing should be completed pr ior  to this 
t ime. 

On s o m e  Mercury launch vehicles a flight readiness  fir ing 
(FRF)  is required.  
a f t e r  B-FACT but pr ior  to spacecraf t  mating. 
procedure  used  i s  essent ia l ly  identical to the last 150 minutes 
of a launch countdown, except fo r  as t ronaut  insertion and 
spacec ra f t  testing. 

If requi red ,  this t a sk  i s  also pe r fo rmed  
The tes t  

The engines a r e  run for  10 seconds.  

The spacecraf t  installation is composed of two par t s :  
adapter  installation atop the launch vehicle,  and physical 
mating of the spacecraf t  to the adapter .  
installation, a n  interface inspection is  per formed to a s s u r e  
all agencies concerned of the cleanl iness ,  mechanical and 
e lec t r ica l  integrity of all components i n  the adapter  area. 

P r i o r  to spacecraf t  

The countdown used  during the launch i s  s imi l a r  to count- 
downs used in other Atlas tes t  p rograms.  
is included a s  Attachment B. 
c ra f t  checkout, as t ronaut  inser t ion and complete launch vehicle 
checkout before and a f t e r  as t ronaut  inser t ion.  
testing is to a s s u r e  a minimum amount,  if  any, of hold t ime 
a f t e r  the astronaut  has  been inser ted  in the spacecraf t .  The 
autopilot-guidance loop tes t  i s  re run  af te r  as t ronaut  inser t ion 
but immediately before tower removal.  In  event of a fa i lure  
of e i ther  the guidance o r  the autopilot sys tem during the loop 
t e s t ,  the components can be changed without requiring the 
added delay of returning the serv ice  tower around the launch 
vehicle. 

A bargraph f o r  MA-8 
The ma jo r  differences a r e  space -  

This repeti t ive 

The astronaut  en ters  the spacecraf t  a t  approximately 
minus 140 minutes in the launch countdown. At any t ime 
p r io r  to tower removal ,  minus 50 minutes ,  the pilot could 
e g r e s s  to the serv ice  tower in event of any emergency in  the 
spacecraf t  o r  launch vehicle. 

The astronaut  may  e g r e s s  one of th ree  ways af ter  tower 
removal.  
bascule  can be lowered to a position by the spacecraf t .  The 
door can be blown off by the pilot o r  rescue  team o r  wai t  on 
the removal of the hatch depending on the condition of the 
as t ronaut  and the urgency of the situation. 

If there  is a n  emergency in the spacecraf t ,  a 

If the mission is delayed f o r  weather ,  spacecraf t ,  launch 
vehicle o r  tracking network t roubles ,  the gantry would be 
returned around the Atlas .  
would remove the bolts securing the hatch in  place and the 
astronaut  would e g r e s s  on the serv ice  tower.  

The spacecraf t  se rv ice  crew 

T~ 
% 

The third method of escape used to pro tec t  the ast ronaut  
is by separat ion of the spacecraf t  f rom the launch vehicle. 
The spacecraf t  escape rockets a r e  a r m e d  at g a n t r y  r e m o v a b  

, 



and m a y  be f i r ed  f rom the Atlas Test  Conductor Console a t  
Blockhouse 14, Mercury Control and by the astronaut  in the 
spacecraf t .  
provided through umbilicals (hardwire) and via a radio l ink 
f r o m  the range. 

Para l le l  paths f o r  the Atlas T e s t  Conductor a r e  

The authority f o r  activating the abor t  o r  escape 
mechanism is assigned to the Atlas Tes t  Conductor f rom 
T minus 5 5  minutes through plus 10 seconds.  
has the authority f r o m  plus 10 seconds through powered flight. 
The pilot  has  capability f o r  creating a n  abor t  f r o m  liftoff until 
separat ion but does not have the authority fo r  acting except a s  
a backup for  the Atlas Tes t  Conductor o r  Mercury  Control. 
After  carefu l  consideration of a l l  Atlas sys t ems  the pa rame te r s  
l is ted in Attachment C were selected for  monitoring a t  the t imes 
indicated. 
SUMMARY 

Mercury Control 

The mos t  significant contributions to the success  of the 
Mercury  P r o g r a m  a re :  

4 

* 
4 
4 

4 

* 
4 
* 
4 

* 

Selection of nominal components. 
Incorporation of modifications to improve  
reliability. 
Selection of launch crews. 
No modifications a t  AMR. 
All flight components have established 
reliabil i ty f r o m  other flight t e s t  p rograms.  
Complete sys t ems  testing at factory and 
retest ing a t  AMR. 
Emphasis  on documentation. 
Team s p i r i t  by all agencies. 
Complete launch vehicle testing p r i o r  to 
spacecraf t  mating. 
Interface inspection. 

E a c h  of the changes in hardware ,  testing and testing 
philosophy have been analyzed and adapted to other  programs 
in  the manner  b e s t  suited to the needs of these programs.  
Identical procedures  a r e  used  on Mercury ,  Ranger  and 
Mar iner  miss i les  except f o r  mission pecular i t ies .  
Ranger -Mar iner  s e r i e s  does not require  complete launch 
vehicle testing pr ior  to payload mating. 
requi re  meeting shor t  launch windows while Mercury  has  no 
launch windows but mus t  minimize the t ime the world wide 
network' r e  on station. 

The 

Their  missions 
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PAFAAMETER 

TANK FRESSURE 

U 
v 

PNEUMATIC CONSOLE 

Uncontrollable loss or rise 
in fuel or LO2 tank pressure 

3 w 

PARAMETER 

M ssile Structure 
(a) Any abnormal condition 
(b) Tank Integrity 
(c) Pod Doors 
(d) Nacelle mors 
( e )  T.S. Integrity 
(f) Adapter Integrity 

Missile Attitude 
( a )  Any deviation from 

vertical 

(b) Missile falling 

Missile Fire 
(a )  Smoke from pods 

(b) Smoke or fire from T.S. 

( c )  Abnormal after fire in caw 

(d) Abnormal flame pattern 
(e) Fire in T.S. 

of launch abort after ignition 

FIRE IN T.S. 

P1673T, P1674T, 
~16751, Abrupt Rise 
&Recorder going off 
Scale 

T-45 min.  thru lift-off and 
plus time i n  case of B launch 
abort. 

PERISCOPE 

TIME 

T-45 min. to T f 10 Seconds 

T-45 to lirt-off an6 plus 
time in case of launch abort. 

T-45 to T f 10 seconds or 
Astronaut egress in case of 
Launch Abort 

T-45 to T-0 

T-45 to T-0 

Lnunch Abort only 

Lift-off to TflO Sec. 
Lift-off to Ti10 sec. 

RECORDER COMFUX 14 

T-45 to lift-off or plus time 
in case of launch abort. 

b 
2 
0 
2 

HOW REWRTED 

Report condition to Test 
Conductor. 

HOW RERlRTED 

Report condition to 
Test Conductor. 

Report condition to 
Test Conductor. 

Report as "Abort" 

Report condition to 

Report condition to 
Test Conductor. 
Report condition to 
Test Conductor. 
Abort 
Abort 

Test Conductor. 

Report condition to 
Test Conductor. 
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