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ABSTRACT 

P- 

c 

l -  

This paper p re sen t s  the checkout ph i losophies  
and procedures employed during t h e  p r e f l i g h t  checkout 
of a Mercury spacec ra f t  a t  Cape Canaveral. It expla ins  
t h e  purpose of t h e  var ious  tests and techniques used 
i n  t h e  checkout of t h e  spacec ra f t  a t  Hangar "S"  tes t  
complex and a t  t h e  launch complex. T e s t  f l c w  diagrams 
a r e  presented  t o  i l l u s t r a t e  t h e  b u i l d i n g  block approach 
f o r  determining t h e  i n t e g r i t y  of Mercury s p a c e c r a f t  
p r i o r  t o  launch. 
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MERCURY SPACECRAFT PRELAUNCH PREPARATIONS 

PART 11 - A t  t h e  Launch S i t e  

INTRODUCTION: r - 

c The Mercury Spacecraf t  a r r i v e s  a t  t h e  A t l a n t i c  M i s s i l e  Range 
aboard an A i r  Force C-124 Globe Master which lands a t  t h e  s k i d  
s t r i p  on t h e  Cape. The spacec ra f t  is unloaded and t r anspor t ed  
t o  t h e  Hangar " S "  tes t  complex where it undergoes a series of 
r i g i d  tests,  modi f ica t ions ,  and launch prepara t ions .  The average 
t i m e  spent  a t  t h e  Hangar 'IS" complex is approximately fou r  months. 

Af t e r  f i n a l  p repara t ions  i n  Hangar ' IS" are complete, t h e  
s p a c e c r a f t  is t r anspor t ed  t o  Launch Complex 14 and mated wi th  t h e  
A t l a s  launch veh ic l e .  The spacec ra f t  then undergoes a series 
of tests wi th  t h e  A t l a s  launch v e h i c l e  and AMR Range t o  determine 
system compa t ib i l i t y  and f l i g h t  readiness .  This series of tests 
t a k e s  approximately seven t e s t  days. The spacec ra f t  then e n t e r s  
a two-day per iod  of f i n a l  pre-launch se rv ic ing .  
pre-count is begun. Spacecraf t  systems undergo f i n a l  f l i g h t  
confidence checks, pyrotechnics are connected f o r  f l i g h t ,  hydrogen 
peroxide is loaded and s u r v e i l l e d ,  and t h e  f i n a l  countdown begun. 

A t  T-1 day t h e  

Prelaunch T e s t i n g  a t  t h e  Launch S i t e  - His tory  and T e s t  Philosophy 

P r e f l i g h t  t e s t i n g  of manned space veh ic l e s  combine many of 
t h e  requirements of research  and development t e s t i n g  of m i s s i l e s  
and high-speed a i r c r a f t .  Like t h e  m i s s i l e ,  t h e  manned space 
v e h i c l e  has  s i n g l e  m i s s i o n  capab i l i t y .  There is  no " tu rn  around" 
a f t e r  l i f t o f f .  Therefore ,  a l l  t e s t i n g  and p repa ra t ion  must be 
ex tens ive  and thorough enough t o  provide t h e  h i g h e s t  confidence 
of mission success .  

However, t h e  manned space v e h i c l e ,  l i k e  t h e  high-speed a i r -  
I 

c r a f t ,  must include every poss ib le  provis ion  t o  in su re  t h e  s a f e t y  
of t h e  p i l o t .  Therefore ,  inherent  r e l i a b i l i t y  of t h e  v e h i c l e  must 
be maximized. An  increased r e l i a b i l i t y  i s  achieved by providing 
redundancies i n  c r i t i c a l  systems, providing a means of escape for  
t h e  p i l o t ,  and providing increased ope ra t iona l  r e l i a b i l i t y  through 
repeated and thorough developmental p r e f l i g h t  t e s t i n g .  

Spacecraf t  r e l i a b i l i t y  achieved during t h e  Mercury program 
was a t t a i n e d  by a step-by-step developmental f l i g h t  t e s t  program 
and a repea ted  d e t a i l e d  examination of t h e  s p a c e c r a f t  and i t s  
systems. Because of t h e  urgency of t h e  program, nea r ly  a l l  
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spacec ra f t  produced w e r e  used f o r  f l i g h t  t e s t i n g ,  Few complete 
s p a c e c r a f t  w e r e  a v a i l a b l e  fo r  developmental t e s t i n g  i n  t h e  labora- 
t o r i e s  u n t i l  l a t e  i n  t h e  program. Therefore ,  t h e  p r e f l i g h t  
opera t ions  conducted a t  Cape Canaveral on t h e  var ious  s p a c e c r a f t  
served not  only t o  prepare t h a t  p a r t i c u l a r  c r a f t  f o r  f l i g h t ,  b u t  
w e r e  a l s o  p a r t  of t h e  design eva lua t ion  of the s p a c e c r a f t .  

This examination involved func t iona l  t e s t i n g  of t h e  s p a c e c r a f t  
systems, and observing i n  d e t a i l  t h e  performance of t h e  systems. 
These tests w e r e  repeated of ten  and dupl ica ted  as nea r ly  a s  
p o s s i b l e  d i f f e r e n t  f l i g h t  environments and modes. During t h e  
t e s t s ,  a l l  d i sc repanc ie s ,  no matter how t r i v i a l ,  w e r e  s c r u t i n i z e d  
f o r  t h e i r  s ign i f i cance .  Design changes ind ica t ed  by these  tests 
and t h e  f l i g h t  tests w e r e  incorporated as r a p i d l y  a s  poss ib l e  so 
t h a t  t h e  optimum spacec ra f t  conf igura t ion  w a s  flown. 

The Astronauts p a r t i c i p a t e  i n  a l l  system checkouts a t  Cape 
Canaveral and r e v i e w  a l l  design changes. This p a r t i c i p a t i o n  
r e s u l t s  i n  in t imate  f a m i l i a r i z a t i o n  wi th  t h e  spacec ra f t  and a 
better understanding of i t s  systems. 

The Mercury checkout program has  evolved through experience 
gained i n  t h e  p a s t  t h r e e  and one h a l f  years .  There w e r e  t w o  
b a s i c  p r i n c i p l e s  followed during i t s  development. The s a f e t y  of 
t h e  Astronaut was considered foremost: and secondly,  a l l  ph i lo-  
sophy and procedure was d i r ec t ed  toward a t es t  p l an  which would 
guarantee a f l ight-worthy spacecraf t  a t  l i f t o f f .  As t h e  program 
progressed,  modif icat ions t o  tes t  opera t ions  w e r e  incorporated a s  
requi red  by increased knowledge and experience.  

The end r e s u l t  of t h i s  evolut ion has  been t h e  development 
of c e r t a i n  tes t  phi losophies  which can be considered t o  reflect  
best p r a c t i c e  a s  proven by successfu l  app l i ca t ion .  Test ing 
techniques have evolved around s i x  key p o i n t s  of philosophy. 
These are: 

1. 

2. 

3 .  

4 .  

5. 

6. 

Building block approach t o  t e s t i n g .  

End-to-end t e s t i n g .  

I s o l a t i o n  and func t iona l  v e r i f i c a t i o n  of a l l  redundancies. 

I n t e r f a c e  t e s t i n g  and v e r i f i c a t i o n .  

Mission p r o f i l e  simulation. 

Astronaut p a r t i c i p a t i o n  as an i n t e g r a l  p a r t  of t h e  
system during tes t .  
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I. 

Buildinq Block Approach t o  Test inq.  - This guide l ine  may 
appear t o  be an obvious approach t o  t e s t i n g .  However, t i n e  was 
a l i m i t i n g  f a c t o r  i n  t h e  Mercury tes t  program, and the  degree t o  
which t h e  b u i l d i n g  block approach i s  appl ied  may not  be r e a d i l y  
apparent .  As appl ied  t o  Mercury p r e f l i g h t  checkout, t h e  b u i l d i n g  
block approach means t h a t  t he re  is  no assumption made a s  t o  t h e  
ope ra t iona l  s t a t u s  of any spacec ra f t  equipment o r  system on 
receipt a t  the Cape. The opera t iona l  s t a t u s  of each system and 
each component i n  t h e  system i s  f u n c t i o n a l l y  v e r i f i e d  be fo re  
t h a t  system is operated concurrent ly  or i n  conjunct ion wi th  
another  system with which it might have an  i n t e r f a c e  (Figure 1). 

I n  developing t h e  Cape tes t  program, balance had t o  be es- 
t a b l i s h e d  between a t e s t  program which would provide t h e  maximum 
confidence of mission success  and one which would do it i n  t h e  
s h o r t e s t  p o s s i b l e  t i m e .  Two approaches w e r e  s tud ied :  (1) To 
begin  Cape system tests on t h e  s p a c e c r a f t  assuming a l l  components 
and systems completely opera t iona l  as checked ou t  a t  t h e  f a c t o r y ,  
and then  r e p a i r i n g  component and system malfunctions a s  th2y 
occurred,  or (2) To e s t a b l i s h  a known condi t ion  of t h e  s p a c e c r a f t  
systems by ind iv idua l  component and systems tests be fo re  conducting 
o v e r a l l  system tests and simulated missions.  

Severa l  f a c t o r s  cont r ibu ted  t o  t h e  n e c e s s i t y  of using t h e  
component-system tes t  approach a s  i s  o f t e n  used on R & D veh ic l e s .  
By its ve ry  na ture  an R & D vehic le  is c o n s t a n t l y  changing from 
moment of incept ion  almost t o  the  moment of launch. The v e h i c l e  
conf igu ra t ion  must be updated con t inua l ly  t o  r e f l e c t  t h e  c u r r e n t  
s t a t e -o f - the -a r t  i f  t h e  R & D program is  t o  be successfu l .  This 
r e q u i r e s  t h a t  veh ic l e  conf igura t ion  changes be made a t  t h e  launch 
s i te .  T e s t s  then have t o  be crea ted  t o  adequately v e r i f y  proper 
ope ra t ion  of t h e  component or system be fo re  f l i g h t .  

I n  i t s e l f  t hen ,  t h i s  f a c e t  of an R & D v e h i c l e  r e q u i r e s  
t h a t  a launch s i t e  t e s t  program be c r e a t e d  which can adequately 
e s t a b l i s h  i n  d e t a i l  t h e  proper opera t ion  of a component o r  system. 
Overall system tests and simulated f l i g h t  tests which provide 
only "landmark, go/no go type"  parameters on system performance 
w i l l  no t  adequately f u l f i l l  t h i s  requirement. A l s o ,  i f  systems 
review, f l i g h t  t e s t s ,  or p r e f l i g h t  tests i n d i c a t e  t h a t  a con- 
f i g u r a t i o n  change is requi red  because of f l i g h t  s a f e t y ,  t h i s  
change must be incorporated and t h e  systems r e - v e r i f i e d  before 
launch. 

I t  was decided t h a t  t h e  "prove-it-to-me" approach would be 
used. The q u a l i t y  of performance of a l l  components and systems 

8 
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would be e s t a b l i s h e d  by ind iv idua l  tests be fo re  t e s t i n g  t h e  t o t a l  
s p a c e c r a f t  system. P r a c t i c e  has  shown t h a t  t h i s  approach has  
provided t h e  maximum confidence l e v e l  i n  f l ight-worthy system 
opera t ion .  

End-to-End Test ing.  - U t i l i z e  end-to-end t e s t i n g  a s  much a s  
p o s s i b l e .  This concept means t h a t  during t e s t i n g ,  t h e  i n i t i a t i n g  
func t ion  and end func t ion  should t ake  p l ace  s e q u e n t i a l l y  a s  they  
would a c t u a l l y  occur i n  f l i g h t .  The use of a r t i f i c i a l  s t i m u l i  
is kep t  t o  a minimum. Implementation of t h i s  gu ide l ine  is most 
r e a d i l y  apparent i n  t h e  hangar s imulated f l i g h t  test .  

For t h i s  t es t  t h e  spacec ra f t  is placed on i t s  adapter  wi th  
t h e  escape tower i n s t a l l e d .  I n t e r n a l  spacec ra f t  components and 
wi r ing  a r e  configured a s  f o r  a c t u a l  f l i g h t .  T e s t  c ab l ing  is 
kep t  t o  an absolu te  m i n i m u m  and only used where "T" connections 
t o  t h e  system can be made. Thus, t h e  process  of s i g n a l  monitoring 
i n  no way i n t e r r u p t s  t h e  f l i g h t  w i r ing  which c a r r i e s  the s i g n a l .  
Two-tenth ampere fuses  are used as squib  s imula tors .  Electr ical  
connect ions a r e  made a t  t he  ac tua l  squib  loca t ion .  During t h e  
f l i g h t  s imula t ion ,  c u r r e n t  is de l ive red  t o  t h e  f u s e  e x a c t l y  as it 
would be t o  t h e  squib  i n  ac tua l  f l i g h t .  The f u s e  is  s i z e d  t o  
experience an a c t u a l  c u r r e n t  s l i g h t l y  i n  excess of the 3 ampere 
" s u r e - f i r e "  requirement on a l l  Mercury pyrotechnics .  

I n  t h i s  t e s t ,  a launch vehic le  func t ion  s imula tor  provides  
s i g n a l s  t o  t h e  spacec ra f t  system i n  t h e  same manner and a t  t h e  
same p lace  a s  t h e  launch vehic le  would i n  f l i g h t .  T o  i l l u s t r a t e ,  
l e t  us fol low a sequence performed during t h e  hangar s imulated 
f l i g h t  and compare it with what would happen i n  a c t u a l  f l i g h t .  
The sequence selected for this i l l u s t r a t i o n  w i l l  beg in  wi th  the 
launch v e h i c l e  i n i t i a t e d  s igna l  of s u s t a i n e r  engine cu to f f  (SECO) 
which occurs j u s t  be fo re  spacec ra f t  s epa ra t ion  from t h e  boos te r .  

The launch v e h i c l e  simulator provides  a +28 VDC s i g n a l  t o  
t h e  spacecraf t - launch veh ic l e  i n t e r f a c e  wi r ing  as t h e  launch 
v e h i c l e  would during f l i g h t .  Using a c t u a l  f l i g h t  w i r i n g ,  t h i s  
s i g n a l  through r e l a y  ac t ion  causes a f i r i n g  vol tage  t o  be app l i ed  
t o  t h e  main clamp-ring b o l t s .  I n  a c t u a l  f l i g h t ,  t h e  b o l t s  would 
f i r e  and t h e  clamp-ring would mechanically sepa ra t e ;  i n  s imula t ion ,  
t h e  f u s e s  used a s  squib  s imulators  a r e  blown v e r i f y i n g  t h e  v a l i d i t y  
of t h e  s i g n a l  path i n  regard t o  s i g n a l  d e l i v e r y  and s i g n a l  t iming. 
Next, mechanical l i m i t  switches provide sens ing  of i n - f l i g h t  I 

s e p a r a t i o n  of t h e  clamp r i n g  and f i r e  t h e  posigrade rocke t s  when 
s e p a r a t i o n  i s  sensed. 

9 
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During s imula t ion  t h e  l i m i t  switches a r e  energized mechani- 
c a l l y  a s  would be t h e  case i n  a c t u a l  f l i g h t .  
provide a f i r i n g  s i g n a l  t o  the posigrade rocke t  squib s imula tors .  

These switches 

The t e s t  d a t a  a r e  monitored by instrumentat ion pickups,  
r a d i a t e d  by t h e  spacec ra f t  t r a n s m i t t e r s ,  and received and d i s -  
played a t  t h e  ground s t a t i o n  i n  a manner i d e n t i c a l  t o  t h e  way it 
w i l l  be done i n  f l i g h t .  Warning l i g h t s  i n  t h e  spacec ra f t  cab in  
which monitor t h e  progression of t h e  sequence are observed by 
t h e  s u i t e d  Astronaut and t ransmi t ted  by him t o  t h e  ground s t a t i o n  
us ing  h i s  UHF voice l i n k  i n  t h e  same way a s  would be done during 
f l i g h t .  

The example above d e a l t  w i t h  s imula t ion  of a command s i g n a l  
from i t s  i n i t i a t i n g  func t ion  t o  end func t ion  dur ing  a hangar 
s imulated f l i g h t .  The same b a s i c  procedure is followed during 
pad t e s t i n g  with t h e  boos te r  supplying t h e  i n i t i a t i n g  s i g n a l  
i n s t e a d  of a boos te r  s imulator .  RF command, vo ice ,  and d a t a  
r ecep t ion  a r e  a l s o  t e s t e d  on an end-to-end b a s i s  i n  muah t h e  
same manner a s  t h e  hardwire i n i t i a t e d  s i g n a l  j u s t  discussed.  

It is  our f e e l i n g  t h a t  end-to-end t e s t i n g  must be performed 
t o  m a i n t a i n  t h e  r e l i a b i l i t y  of the t o t a l  s p a c e c r a f t ,  launch v e h i c l e ,  
and range combination a t  i t s  h ighes t  achievable  l e v e l .  

I s o l a t i o n  and Funct ional  V e r i f i c a t i o n  of a l l  Redundancies. - 
All redundant s i g n a l  pa ths  a re  i s o l a t e d  and f u n c t i o n a l l y  proven 
by end-to-end tes ts .  This includes redundancies b e t w e e n  t h e  
s p a c e c r a f t  and launch v e h i c l e ,  and redundancies w i t h i n  t h e  launch 
complex. 

A s  appl ied  t o  redundant hardwire p a t h s ,  t h e  system i s  self-  
explanatory.  The concept as implemented i n  t h e  Mercury checkout 
program extends t o  include a l l  p i eces  of equipment and a l l  s i g n a l  
i n i t i a t i o n  s t a t i o n s  a t  t h e  Cape. For example, t h e  f i r s t  o r b i t a l  
Mercury spacecraft contained t w o  command r e c e i v e r s  which performed 
t h e  i d e n t i c a l  func t ions  of responding t o  RF command t o  i n i t i a t e  
t h e  fol lowing s p a c e c r a f t  s igna l s :  

A. Abort 

B. Retro  sequence s t a r t  

(5. Change o r b i t a l  c lock t i m e  

D.  R and Z c a l i b r a t i o n  f o r  t h e  f l i g h t  te lemet ry  system 

The RF s i g n a l  can be generated dur ing  an  a c t u a l  opera t ion  by 
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c 

e i t h e r  of two l o w  power t r a n s m i t t e r s  or one high power t r a n s m i t t e r  
l oca t ed  a t  t h e  Cape command bui ld ing .  
i n i t i a t e d  from any of fou r  s t a t i o n s  on t h e  Cape: t h r e e  of t hese  
s t a t i o n s  are loca ted  i n  the  Mercury Control  Center ,  and one is 
loca ted  on t h e  T e s t  Conductor's console a t  Complex 14. 

The RF s i g n a l  can be 

To v e r i f y  t h e  redundancies i n  t h i s  system, t h e  a b i l i t y  of 
each command r e c e i v e r  t o  rece ive  and react proper ly  t o  t h e  RF 
s i g n a l  is t e s t e d  sepa ra t e ly .  One r ece ive r  is turned  of f  and 
- a l l  commands f r o m  t h r e e  t r a n s m i t t e r s  a r e  ind iv idua l ly  
f u n c t i o n a l l y  t e s t e d .  Then t h e  f i r s t  r e c e i v e r  is turned o f f ,  
t h e  second on, and t h e  process repeated.  Af t e r  t h i s  is complete, 
t h e  w h o l e  process  is  repeated with both r e c e i v e r s  on t o  determine 
t h a t  t h e r e  is no mutual i n t e r f e rence .  

Other redundant systems are  t e s t e d  i n  t h e  same manner. This  
method con t r ibu te s  s i g n i f i c a n t l y  t o  achieving a high confidence 
l e v e l  i n  o v e r a l l  system opera t iona l  r e l i a b i l i t y .  

I n t e r f a c e  Test inq and Ver i f i ca t ion .  - There a r e  t w o  basic 
i n t e r f a c e s  i n  Mercury. The spacecraft/ launch v e h i c l e  i n t e r f a c e ,  
and the t o t a l  space vehicle/range i n t e r f a c e .  These i n t e r f a c e s  
inc lude  RF and hardwire. T e s t s  involving these  i n t e r f a c e s  a r e  
c o n s i s t e n t  wi th  t h e  tes t  philosophy previous ly  d iscussed ,  namely, 
end-to-end t e s t i n g  and t e s t i n g  of a l l  redundancies. 

The r e l a t i v e l y  few problems encountered i n  t h e  i n t e r f a c e  
areas i s  b a s i c a l l y  due t o  i t s  s impl i c i ty .  The spacecraf t / launch 
v e h i c l e  hardwire i n t e r f a c e  t r a n s f e r s  only 6 f l i g h t  func t ions  p l u s  
s e v e r a l  grounds, The RF equipment aboard t h e  spacec ra f t  w a s  chosen 
i n  t h e  design s t a t e  t o  match the e x i s t i n g  c a p a b i l i t i e s  of range 
equipment . 

M i s s i o n  P r o f i l e  Simulation, - Simulated mission tests which 
include t h e  s p a c e c r a f t ,  launch v e h i c l e ,  and range a r e  designed 
t o  f u n c t i o n a l l y  approach ac tua l  mission condi t ions  as much as 
poss ib l e .  This includes s imulat ing real- t ime func t ions  through 
o r b i t  i n s e r t i o n ,  The Astronaut i s  aboard f o r  t h e s e  s imula t ions  
and func t ions  a s  he  would during t h e  a c t u a l  f l i g h t .  

A t o t a l  mission s imulat ion i s  no t  poss ib l e  dur ing  any one 
t e s t  due t o  r e s t r i c t i o n s  imposed by environment and space v e h i c l e  
conf igura t ion .  However, after t h e  s p a c e c r a f t  has  completed a l l  
tests,  it has  completed a s e r i e s  which, taken toge the r ,  approach 
almost t o t a l  s imulat ion.  T o  some e x t e n t  even t h e  space environment 
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is  s imulated during t h e  a l t i t u d e  chamber runs.  The l i f e  support  
systems including t h e  s u i t e d  Astronaut undergo a mission simula- 
t i o n  which dup l i ca t e s  pressure  environment and mission t i m e .  
The a l t i t u d e  chamber is t h e  only t es t  a r e a  adequate f o r  t h i s  
type  of s imulat ion.  

Mission s imulat ions conducted a t  t h e  launch pad wi th  t h e  
s p a c e c r a f t ,  Astronaut ,  launch v e h i c l e ,  and range opera t ing  as 
they  would dur ing  f l i g h t  provides assurance t h a t  no procedural  or 
f u n c t i o n a l  i n t e r f e r e n c e  w i l l  be encountered on launch day. 

Mission s imula t ion  a s  p rac t i ced  i n  t h e  Mercury program 
inc ludes  a l l  p r e d i c t a b l e  abnormal f l i g h t  modes as w e l l  as the 
normal f l i g h t  modes. These abnormal f l i g h t  modes include a l l  
abort conf igu ra t ions ,  a l l  manual ove r r ide  modes, p a r t i a l  power 
loss, chute  f a i l u r e ,  and others .  

The Astronaut as an  I n t e q r a l  P a r t  of t h e  System Durins Tests. - 
The Astronaut  is considered p a r t  of t h e  t o t a l  system and func t ions  
du r ing  systems tests and mission s imula t ions  a s  he  would during t h e  
a c t u a l  mission. This r e s u l t s  i n  a dua l  advantage. The system 
tested i s  c l o s e r  t o  f l i g h t  conf igura t ion  when the Astronaut is  
included,  and t h e  Astronaut becomes i n t i m a t e l y  familiar wi th  t h e  
unique c h a r a c t e r i s t i c s  of t h e  ind iv idua l  s p a c e c r a f t  t o  which he 
i s  assigned. This c o n t r i b u t e s  t o  u l t ima te  mission success .  

I n  summary then ,  t h e  manned s p a c e c r a f t  p r e f l i g h t  test  
ope ra t ion  includes:  

1. The b u i l d i n g  block approach t o  t e s t i n g .  Component 
opera t ion  is  v e r i f i e d ,  then system opera t ion ,  and f i n a l l y  f u l l  
mission s imula t ion  w i t h  a l l  systems opera t ing .  

2.  U s e  end-to-end t e s t i n g  as much as possible. Keep t h e  
use of a r t i f i c i a l  s t i m u l i  t o  a m i n i m u m .  

3 .  I s o l a t i o n  and func t iona l  v e r i f i c a t i o n  of a l l  redundancies. 

4. Funct iona l  v e r i f i c a t i o n  of i n t e r f a c e  s i g n a l  pa ths .  
Funct ional  tests ac ross  i n t e r f a c e s  are c o n s i s t e n t  wi th  s p a c e c r a f t  
t e s t  philosophy. 

5. Mission p r o f i l e  s imulat ion which inc ludes  abnormal 
modes such as a b o r t ,  manual over r ide ,  and o the r s .  

6 .  Using t h e  Astronaut as an i n t e g r a l  part  of t h e  system 
dur ing  tests. 
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These phi losophies  w e r e  developed wi th in  t h e  gu ide l ines  of 
t h e  two b a s i c  p r i n c i p l e s ;  p i l o t  s a f e t y  foremost,  and a t e s t  p l an  
which guarantees  a fl ight-worthy spacec ra f t  a t  l i f t o f f .  The 
ob jec t ives  d i r e c t e d  by t h e s e  two p r i n c i p l e s ,  p i l o t  s a f e t y  and 
complete system r e l i a n c e  , have been achieved through t h e  P r o j e c t  
Mercury P r e f l i g h t  Tes t  Program. 

To provide a bet ter  understanding of how t h e  tes t  philosophy 
is implemented, a b r i e f  desc r ip t ion  of launch s i te  opera t ions  is 
presented  f o r  each of t h e  following genera l  ca tegor ies :  

1. Hangar component and system tests. 

2 .  Spacecraf t  modification. 

3 .  Spacecraf t  r e p a i r .  

4. Hangar Simulated F l igh t .  

5. Mechanical prepara t ions  and s e r v i c i n g  f o r  t r a n s f e r  t o  
t h e  launch pad. 

6. Complex t e s t i n g  and prelaunch se rv ic ing .  

Hangar Component and Sys tem T e s t s .  - Checkout opera t ions  a t  
Hangar "S" include ind iv idua l  component and system tests.  These 
tests a r e  scheduled i n  such a manner t h a t  the f i n a l  t es t  
i n  each series is  performed with t h e  system i n  f l i g h t  configura-  
t i o n  as nea r ly  a s  p r a c t i c a l .  A flow c h a r t  of t h e  Hangar tests 
performed on spacec ra f t  18 i s  presented  i n  F igure  2 .  The major 
system tests are l i s t e d  belaw i n  t h e  approximate order  t h a t  
they  occur f o r  a normal, t rouble- f ree  operat ion.  

E l e c t r i c a l  Power System T e s t  

The basic tes t  objective is t o  a s su re  proper ope ra t ion  of 
on-board and tes t  complex power systems prior t o  us ing  t h e s e  
systems t o  support  o the r  t e s t s .  

The Mercury spacec ra f t  bas i c  DC power requirements are suppl ied  
by s i x  b a t t e r i e s .  Two main i n v e r t e r s  supply t h e  115  VAC requi re -  
ments. A t h i r d  i n v e r t e r  serves as a standby source of AC i n  case 
of f a i l u r e  of e i t h e r  one of t h e  main i n v e r t e r s .  Ex te rna l  DC 
power is  suppl ied  p a r a l l e l  t o  t h e  main power system through t h e  
main s p a c e c r a f t  umbi l ica l  connection. A l l  AC is  provided by t h e  
on-board i n v e r t e r s  ~ 
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Instrumentat ion System Test 

The s p a c e c r a f t  instrumentat ion system includes four  basic 
areas :  Camera and t ape  recorders ,  t r a n s m i t t e r s ,  commutators, and 
i n t e r n a l  instrumentat ion.  This t es t  is  p r imar i ly  a system test: 
however, it does provide f o r  some component t e s t i n g .  The follow- 
ing  test  ob jec t ives  are achieved: 

(1) V e r i f i c a t i o n  of camera l i g h t i n g  and l e n s  s e t t i n g  
func t ions  and tape recorder operat ion.  

( 2 )  T r a n s m i t t e r  devia t ion  and s u b c a r r i e r  o s c i l l a t o r  
pre-emphasis adjustment. 

( 3 )  Commutator output check through examination of t h e  
PAM wave form output  from t h e  commutators and a comparison 
wi th  t h e  d i sc r imina to r  output wave form i n  t h e  te lemet ry  
t r a i l e r .  

The instrumentat ion system check is  performed i n  conjunct ion 
wi th  t h e  check of t h e  systems supplying s i g n a l s  t o  instrumentat ion 
equipment. S igna l s  are read out through t h e  umbilical v i a  t h e  
te lemet ry  l i n k .  The spacecraf t  tape recorder  PDM s i g n a l  is  played 
back as part  of t h e  instrumentat ion system checks t o  observe t h e  
q u a l i t y  of t h i s  s i g n a l .  

Sequence Sys tem T e s t  

The sequence system tes t  is  a v e r i f i c a t i o n  of t h e  proper 
sequence of events  f o r  var ious modes of opera t ion  inc luding  a 
normal launch through recovery sequence, t h e  a b o r t  modes, and the 
a s t r o n a u t  emergency manual overr ide modes. This test  is performed 
t o  a s su re  proper system operation dur ing  a l l  predictable f l i g h t  
modes. 

The sequen t i a l  t es t  checks s p a c e c r a f t  opera t ion  through t h e  
following sequences: L i f t o f f ,  Booster Engine Cutof f ,  Tower 
Separat ion:  Sus t a ine r  Engine Cutoff: Spacecraf t  Separa t ion  and 
Turn-around: Retrograde Sequence: Drogue and Main Chute Deploy: 
Landing Bag Extension; and Impact and Recovery Sequence. T e s t  
ob jec t ives  are obtained through a series of tests us ing  a combi- 
na t ion  of manual and automatic f l i g h t  s imulat ion.  All systems 
redundancies are t e s t e d .  

Communication System T e s t  

The spacec ra f t  communication system is  composed of two command 

14 
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r e c e i v e r s  and a s soc ia t ed  decoders, two UHF rescue beacons, one HF 
rescue beacon, one "C" band radar  beacon, and one "S" band r ada r  
beacon, two UHF voice t r ansmi t t e r - r ece ive r s ,  and two HF voice 
t r a n s m i t t e r  r ece ive r s .  This t e s t  i s  designed t o  determine proper  
component and system opera t ion  according t o  s p e c i f i c a t i o n .  The 
f i r s t  s e c t i o n  of t h e  t es t  i s  performed on system components p r i o r  
t o  a c t u a l  t e s t i n g  of t h e  complete communication system. The com- 
ponents are no t  removed from t h e  s p a c e c r a f t .  

Automatic S t a b i l i z a t i o n  Control Systems (ASCS) T e s t  

The ASCS i s  designed t o  provide automatic s t a b i l i z a t i o n  and 
o r i e n t a t i o n  of t h e  spacec ra f t  continuously from t h e  time of 
sepa ra t ion  from t h e  boos te r  u n t i l  t h e  landing parachute  is deployed, 
dur ing  e i t h e r  a normal or  aborted mission. 
t h e  ASCS employs: 

To accomplish t h i s ,  

(1) Three rate gyros f o r  sens ing  s p a c e c r a f t  r o t a t i o n a l  
rates i n  p i t c h ,  r o l l ,  and yaw. 

( 2 )  Two a t t i t u d e  gyros f o r  sens ing  p i t c h ,  r o l l ,  and 
yaw a t t i t u d e s .  

( 3 )  An a c c e l e r a t i o n  switch f o r  sens ing  0.05G longi-  
t u d i n a l  dece le ra t ion  f o r  i n i t i a t i n g  t h e  re -en t ry  mode. 

(4 )  A c a l i b r a t o r  which conta ins  t h e  necessary switching 
l o g i c ,  a t t i t u d e  r e p e a t e r s ,  summing and e r e c t i o n  c i r c u i t r y ,  
r e l a y s  and power supply t o  e f f e c t i v e l y  t i e  toge the r  a l l  
elements of t h e  system. 

(5)  Horizon scanners  t o  provide a t t i t u d e  r e fe rence  f o r  
t h e  gyros. 

'The t es t  ob jec t ive  is  t o  v e r i f y  t h a t  t h e  ASCS is  capable 
of providing automatic s t a b i l i z a t i o n  and o r i e n t a t i o n  from space- 
c ra f t  sepa ra t ion  t o  main c h u t e  deploy. I n  order  t o  accomplish 
t h e  test  ob jec t ive  t h e  t es t  is  performed i n  two parts: 

(1) Sta t ic  T e s t s  - S t a t i c  tests a r e  made wi th  t h e  space- 
c r a f t  pos i t i oned  h o r i z o n t a l l y  on t h e  ASCS t es t  f i x t u r e  or on 
a s tandard  v e r t i c a l  spacec ra f t  s tand .  A complete t e s t  of t h e  
ASCS,  wi th  except ion of r a t e  gyros ,  i s  performed u t i l i z i n g  
t h e  prelaunch tester. The horizon s imula tor  is used t o  test  
t h e  horizon scanners .  

(2) Dynamic T e s t s  - Dynamic tests are made wi th  t h e  

15 
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spacecraft i n s t a l l e d  i n  a two-axis ASCS t es t  f i x t u r e .  The 
s p a c e c r a f t  is  sequen t i a l ly  r o t a t e d  i n  a l l  t h r e e  axes a t  
var ious  rates and a t t i t u d e s .  The 2 4 V  DC output  of t h e  
amplif i e r - c a l i b r a t o r  (Amp-Cal) u n i t  t o  the  Reaction Control  
System t h r u s t e r  so lenoids  is monitored and recorded toge ther  
w i t h  the a c t u a l  a t t i t u d e  and rate of t h e  test f i x t u r e  which 
are suppl ied  by tes t  f i x t u r e  a t t i t u d e  and ra te  t ransducers .  
The prelaunch tester is u t i l i z e d  t o  p l ace  t h e  ASCS i n  var ious  
modes of operat ion.  After  completion of the tests,  t h e  
recordings are analyzed t o  a s su re  t h a t  proper ASCS t h r u s t  
logic has been suppl ied  i n  accordance wi th  t h e  spacec ra f t  
programmed rate  and a t t i t u d e  i n  t h e  var ious  modes. A check 
of re t ro  and re-entry a t t i t u d e s  is a l s o  made a t  t h i s  t i m e  
whi le  the spacec ra f t  is r o t a t e d  t o  t h e  a c t u a l  angles.  

5 

Environmental Control  System (ECS) T e s t  

The subsystems and systems which a r e  t e s t e d  a t  sea- leve l  
cond i t ions  whi le  i n s t a l l e d  i n  the spacecraft are t h e  Environmental 
Cont ro l  System, S u i t  and Cabin Coolant System ( w a t e r  and f r e o n ) ,  
and t h e  B l o o d  Pressure Measuring System. 
t h e s e  systems are performed, as w e l l  as checks of manual c o n t r o l s  
t o  v e r i f y  pull f o r c e s  and confirm proper r igg ing  of t h e  Snorkel 
P u l l  Ring, D e c o m p r e s s  "T" Handle, Pressure  G a g e ,  and t h e  Emergency 
0 2  R a t e  Handle. 

Funct ional  checks,.of 

All r e l i e f  sialves a r e  checked for  r e l i e v i n g  excessive p o s i t i v e  
and/or negat ive p re s su res  and the fol lowing i t e m s  a r e  checked f o r  
leak  rate: 

(1) Spacecraf t  Cabin 

( 2 )  ECS, High Pressure and Low Pressure  Systems 

( 3 )  Coolant System: Water, Freon, and P res su r i za t ion  
Systems 

(4) Blood Pressure Measuring System, High Pressure  and 
Low Pressure Systems (BPMS) 

F l o w  ra te  checks are performed f o r  v a l i d a t i o n  of t h e  following: 

(1) Emergency O2 Rate Valve 

(2) S u i t  C i r c u i t  Compressors ( N o .  1 and 2) 

( 3 )  Water flow from the t h r e e  temperature c o n t r o l  valves:  
S u i t ,  Cabin, and I n v e r t e r  Cold Plates ,  
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I .  

A func t iona l  checkout of t h e  complete system is  performed 
under s imulated malfunctions t o  check out  t h e  backup f e a t u r e s  
of t h e  system. 

These tests a r e  performed i n  conjunction w i t h  t e lemet ry  t o  
calibrate t h e  t ransducers  i n  the  ECS and t h e  Blood Pressure  Measur- 
ing System (BPMS) through t h e i r  f u l l  range of normal operat ion.  

A l t i t u d e  Chamber T e s t  

These tests a r e  made t o  v a l i d a t e  t h e  Environmental Control  
System (ECS) Blood Pressure Measuring System (BPMS), and coolan t  
systems f o r  proper opera t ion  a t  var ious  a l t i t u d e s  under normal and 
adverse cond i t ions ,  both manned and unmanned. The r e s u l t s  of 
t h i s  tes t  are monitored by TM f o r  comparison of gage readings 
and observat ions made throughout t h e  tests. 

There are t h r e e  sepa ra t e  r u n s  o r  tests: (1) An unmanned run 
t o  c a l i b r a t e  TM pickups and readings t o  v e r i f y  accuracy and 
opera t ion  of a l l  monitoring poin ts ;  ( 2 )  An unmanned run t o  v a l i d a t e  
t h e  ECS a t  a l t i t u d e  under normal condi t ions  and s imulated adverse 
condi t ions ;  and ( 3 )  A manned run s imula t ing  normal mission condi t ions .  

Reaction Control  System (RCS) T e s t  

The Reaction Control System uses  a monopropellant t h r u s t  
system (90% hydrogen peroxide) t o  c o n t r o l  t h e  a t t i t u d e  of t h e  
s p a c e c r a f t  during f l i g h t .  The system is  d iv ided  i n t o  two inde- 
pendent subsystems, manual and automatic. 

The automatic system has  twelve t h r u s t  chamber assemblies. 
There are two 24-pound t h r u s t e r s  and two 1-pound t h r u s t e r s  i n  
t h e  p i t c h  and yaw a x i s .  
t h r u s t e r s  i n  t h e  r o l l  ax i s .  These t h r u s t e r s  are e l e c t r i c a l l y  
operated and are c o n t r o l l e d  by t w o  completely independent systems: 
The Automatic S t a b i l i z a t i o n  and Control  System (ASCS) , and t h e  
Fly-by-Wire System. The ASCS s y s t e m  i s  completely automatic and 
can be considered t h e  "au top i lo t "  of t h e  spacec ra f t .  The Fly-by- 
W i r e  system uses  a s t ronau t  s t i c k  motion t o  a c t u a t e  l i m i t  switches 
which energ ize  t h e  t h r u s t e r s .  

There a re  two 6-pound and t w o  1-pound 

The manual system has  s i x  t h r u s t  chamber assemblies.  There 
are two 6-pound t o  24-pound va r i ab le  t h r u s t  assemblies i n  both  
t h e  p i t c h  and yaw a x i s ,  
t h r u s t  assemblies i n  t h e  r o l l  a x i s .  I n  a d d i t i o n ,  t h e  manual system 
has  a rate s t a b i l i z a t i o n  con t ro l  system (RSCS) which can f i r e  t h e  

There a re  t w o  1-pound t o  6-pound v a r i a b l e  
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manual t h r u s t e r s  by energ iz ing  solenoid valves  which are plumbed 
i n  paralle-l  with t h e  proport ional  metering valves .  When t h i s  
method i s  used, only f u l l  t h r u s t  of 24-pounds and 6-pounds is 
a v a i l a b l e .  

I n  order  t o  v e r i f y  t h e  propercoperation of t he  RCS t h r u s t e r s  
for both manual and automatic sys tems and t o  v e r i f y  t h e  i n t e g r i t y  
of t h e  f u e l  and p r e s s u r i z a t i o n  systems, the f o l l a v i n g  tests are 
made : 

(1) Peroxide system gas leakage t e s t  (automatic and manual) 

( 2 )  35% peroxide decomposition s u r v e i l l a n c e  t es t  (automatic 
and manual) 

(3) Hydros ta t ic  leak  t e s t  (automatic and manual) 

(4) H e l i u m  source l e a k  tes t  and f u e l  q u a n t i t y  i n d i c a t o r  
c a l i b r a t i o n  (automatic and manual) 

(5) Hand c o n t r o l l e r  force  and d e f l e c t i o n  t es t  

(6)  90% decomposition s u r v e i l l a n c e  tes t  (automatic 
and manual) 

( 7 )  S t a t i c  f i r i n g  test - a l l  t h r u s t e r s  

(8) Drain,  purge, and vacuum d r y  

(9) Proof p r e s s u r i z e  t e s t  (automatic and manual) 

Communications System Radiation T e s t  

The spacec ra f t  is placed atop a 50-foot r a d i a t i o n  tower and 
open loop r a d i a t i o n  and HF a n t e n n a  vo l tage  s tanding  wave r a t i o  
(VSWR) checks are made on the communications equipment. These 
tests v e r i f y  t h e  absence of in t e r f e rence  on RF u n i t s  by opera t ing  
t h e  HF and UHF voice  t r ansmi t t e r - r ece ive r s  wi th  a l l  p o s s i b l e  noise  
sources  opera t ing  and concurrent ly  t o  check the: ope ra t iona l  charac- 
ter is t ics  of t h e  RF systems. 

I n  summation, each of t h e  described system tes ts  a r e  designed 
t o  t o t a l l y  v e r i f y  t h e  opera t iona l  i n t e g r i t y  of t h e  system. This 
inc reases  confidence i n  system opera t iona l  r e l i a b i l i t y ,  i n  suppor t  
of t h e  MSC p o l i c y  t h a t  states "In  manned f l i g h t  w e  cannot a f f o r d  
t o  regard  any equipment malfunctions as a random f a i l u r e .  W e  must 
regard  every malfunction and, i n  f a c t ,  every observed p e c u l i a r i t y  

18  
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i n  t h e  behavior of a system as an important warning of p o t e n t i a l  
d i s a s t e r .  

Hanqar Simulated F l i q h t .  - The Hangar Simulated F l i g h t  is 
t h e  f i n a l  systems tes t  performed on t h e  spacec ra f t  be fo re  it i s  
t r anspor t ed  t o  t h e  launch pad. For t h i s  reason,  a l l  systems are 
exe rc i sed  i n  a l l  p r e d i c t a b l e  opera t iona l  modes. The t e s t  con ta ins  
two major p a r t s ,  i nd iv idua l  systems tests and simulated f l i g h t  
tests. The primary ob jec t ives  are:  

(1) To v e r i f y  proper operat ion of a l l  ind iv idua l  systems 
(Except RCS) . 

( 2 )  T o  insure  proper operat ion of a l l  systems including 
t h e  sequen t i a l  system through a l l  p r e d i c t a b l e  mission p r o f i l e s .  

( 3 )  To demonstrate intra-system compa t ib i l i t y  when a l l  
systems are opera t ing  concurrent ly .  

(4) To v e r i f y  proper operat ion of t h e  spacec ra f t  systems 
when configured a s  n e a r  f l i g h t  conf igu ra t ion  as p r a c t i c a l .  

I n  order  t o  accomplish these o b j e c t i v e s ,  t h e  s p a c e c r a f t  i s  
configured as follows: 

(1) The spacec ra f t  is  i n s t a l l e d  on t h e  f l i g h t  adapter  
and is e l e c t r i c a l l y  connected t o  t h e  adapter  through f l i g h t  
w i r ing ,  

( 2 )  The escape tower,  minus escape r o c k e t ,  i s  i n s t a l l e d  
on t h e  spacec ra f t  and e l e c t r i c a l l y  connected. 

( 3 )  An absolu te  minimum of t es t  cab l ing  is  connected 
t o  t h e  spacec ra f t .  The i n t e n t  is t o  approach a c t u a l  f l i g h t  
conf igu ra t ion  as nea r ly  as poss ib l e .  

(4)  A l l  squib f i r i n g  c i r c u i t  wi r ing  is i n  f l i g h t  
conf igura t ion .  Due t o  l i m i t a t i o n s  imposed by s p a c e c r a f t  
con f igu ra t ion ,  t h i s  i s  t h e  only tes t  where complete f l i g h t  
conf igu ra t ion  of s q u i b  wir ing is  poss ib l e .  

(5)  Two-tenth ampere fuses  used t o  s imula te  squibs  a r e  
e l e c t r i c a l l y  connected a t  ac tua l  squib  l o c a t i o n s .  

(6)  The Astronaut is s u i t e d  and i n  t h e  s p a c e c r a f t  f o r  
t h e  system tests and simulated f l i g h t  N o .  4. 

'See Reference #2 
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( 7 )  Event recorders  monitor a l l  squib  c i r c u i t s  t o  v e r i f y  
proper  f i r i n g  t i m e  and sequence. Recorder inputs  a r e  connected 
d i r e c t l y  across  t h e  squib  s imula tors  s o  t h a t  t r u e  end po in t  
condi t ions  can be monitored. A l l  systems a r e  operated a s  
t hey  would be i n  f l i g h t  and are monitored f o r  any adverse 
e f f e c t s  f r o m  squib  f i r i n g .  

(8) A l l  f l i g h t  sequences r equ i r ing  l i m i t  switch opera t ion  
are accomplished by a c t i v a t i n g  t h e  f l i g h t  l i m i t  switch r a t h e r  
than s imula t ing  a c t i v a t i o n  us ing  a r t i f i c i a l  s t i m u l i  through 
tes t  cables. 

Mechanical Prepara t ions  and Serv ic inq  f o r  Transfer  t o  the 

Launch Pad. - Following t h e  completion of t h e  Hangar Simulated 
F l i g h t ,  a f i n a l  ASCS dynamic t e s t  is performed and mechanical 
bu i ldup  and s e r v i c i n g  func t ions  a r e  completed be fo re  t h e  space- 
c r a f t  can be moved t o  t h e  launch pad. These funct ions  are l i s t e d  
below. The order  is approximate s i n c e  some func t ions  are performed 
concurren t ly .  

(1) F i n a l  Automatic S t a b i l i z a t i o n  and Control  System 
(ASCS) Dynamic T e s t  

(2) Environmental Control System (ECS) Oxygen Serv ic ing  

( 3 )  Parachute i n s t a l l a t i o n  and i n s t a l l a t i o n  of t h e  
recovery system pyrotechnics.  Pyrotechnics i n  t h e  Mercury 
s p a c e c r a f t  include explosive a c t u a t o r s ,  gas gene ra to r s ,  squib  
c a r t r i d g e s ,  r e e f i n g  c u t t e r s ,  and rockets  used t o  i n i t i a t e  
o r  provide var ious  sequen t i a l  functions.  during t h e  f l i g h t  
and post- landing phase of a mission. A planned procedure is  
used f o r  i n s t a l l i n g  such pyrotechnics .  It  includes t h e  
necessary s a f e t y  measures and provides  f o r  an o rde r ly  step- 
by-step i n s t a l l a t i o n  of pyrotechnics ,  thereby prevent ing  
an  a l ready  i n s t a l l e d  i t e m  from i n t e r f e r i n g  with t h e  i n s t a l -  
l a t i o n  of another  i t e m .  

Torque va lues ,  s a f e t y  w i r i n g ,  s t r a y  vo l t age  checks,  
and pyrotechnic  connections are incorporated i n  t h e  procedures 
t o  e l imina te  t h e  need f o r  t h e  use of b l u e p r i n t s  and schematics 
f o r  each i n s t a l l a t i o n .  

A s  t h e  pyrotechnic devices  are i n s t a l l e d  and 
connected, s h o r t i n g  plugs a r e  i n s t a l l e d ,  i n su r ing  t h a t  a l l  
pyrotechnics  a r e  i n  a s a f e  condi t ion .  

(4)  Weighing, Balancing and Rocket Alignment. P r i o r  t o  
mating with t h e  boos te r ,  the  s p a c e c r a f t  must be weighed and 
t h e  cen te r  of g r a v i t y  loca ted  f o r  var ious  f l i g h t  conf igura- 
t i o n s .  The r e t rog rade  rocke ts  and escape rocke t  must be 
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proper ly  a l igned  t o  insure  c o r r e c t  t h r u s t  vec tor  alignment. 
T h e  weighing, ba lanc ing ,  and alignment a r e  performed as 
fol lows : 

(a) The escape rocket  system is weighed and i ts  
C. G. i s  determined. 

(b) The spacecraf t  is pu t  i n  a f l i g h t  conf igura t ion .  
The re t ropack  is i n s t a l l e d ,  t h e  As t ronau t ' s  couch is 
i n s t a l l e d ,  and certain systems are serv iced .  Other k n w n  
weights and C. G. ' s  are  added a s  paper c o r r e c t i o n s .  The 
s p a c e c r a f t  is weighed and t h e  C. G. is  loca ted .  

(c) The escape rocket  and tower a r e  i n s t a l l e d  on 
t h e  s p a c e c r a f t .  The spacec ra f t  i s  weighed again and t h e  
C. G. loca ted .  

(d)  The escape rocket  is  now a l igned  o t p i c a l l y .  
This is necessary t o  insure t h a t  t h e  s p a c e c r a f t  fol lows 
a pre-determined t r a j e c t o r y  i n  t h e  event  of an abor t .  

(e) The retrograde rocke ts  are o p t i c a l l y  a l igned  
so t h a t  t h e  t h r u s t  vec tors  pass  through t h e  s p a c e c r a f t ' s  
C.  G. This  minimizes d is turbance  t o  s p a c e c r a f t  s t a b i l i t y  
during re t ro- rocket  f i r i n g .  

(5)  Cleanup, inspec t ion ,  and genera l  p repa ra t ions  
requi red  t o  prepare t h e  spacec ra f t  f o r  t r a n s p o r t  t o  t h e  
launch pad a r e  performed. 

Spacecraf t  Modification. - Major modif icat ions t o  the space- 
c r a f t  a r e  usua l ly  accomplished during two s e p a r a t e  work per iods .  
The f irst  occurs s h o r t l y  a f t e r  t h e  s p a c e c r a f t  a r r i v e s  a t  Hangar 
"S". The second occurs j u s t  following t h e  completion of a l l  
i nd iv idua l  system tests. The modif icat ions made during t h e  f i rs t  
work per iod  are u s u a l l y  r e t r o f i t  modi f ica t ions  d i c t a t e d  by changes 
i n  the mission ob jec t ives  o r  changes i n  design concept r e s u l t i n g  
from recen t  ground or f l i g h t  t e s t s .  Following the modi f ica t ions  , 
a d d i t i o n a l  system tests are performed a s  requi red  t o  v e r i f y  t h e  
ope ra t iona l  i n t e g r i t y  of t h e  a f f ec t ed  systems. 

Because t i m e  w a s  a l i m i t i n g  f a c t o r  i n  t h e  Mercury program 
and t h e  f a c t  t h a t  it is MsC pol icy  t o  f l y  t h e  optimum s p a c e c r a f t  
con f igu ra t ion  a s  d i c t a t e d  by t h e  l a t e s t  design reviews and f l i g h t  
t es t  r e s u l t s ,  spacec ra f t  conf igura t ion  changes incorporated a t  
AMR exceed i n  magnitude and number f i e l d  changes normally made 

2 1  
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on ope ra t iona l  a i rc raf t  and missile programs. I n  t h i s  sense ,  w e  
a r e  c l o s e r  t o  t h e  X-15 than the B-58.  

To achieve m a x i m u m  confidence i n  t h e  ope ra t iona l  r e l i a b i l i t y  
of t h e  s p a c e c r a f t ,  i t s  a b i l i t y  t o  success fu l ly  complete i t s  
mission,  every e f f o r t  has  been made t o  incorpora te  design improve- 
ment changes be fo re  t h e  next  spacec ra f t  f l i e s .  I n  t h i s  regard ,  
schedule  has  been considered secondary t o  f l y i n g  t h e  optimum 
spacecraft conf igura t ion ,  

Also ,  any change ind ica ted  which w i l l  effect p i lo t  s a f e t y  
is incorporated before f l i g h t .  These changes have been incor- 
pora ted  and systems re -ver i f ied  i n  some cases even a f t e r  t h e  
s p a c e c r a f t  has  completed most of i t s  pad tests. 

Spacecraf t  conf igura t ion  changes a t  t h e  Cape have been as 
ex tens ive  a s  re-working a spacec ra f t  from a sub-orb i ta l  conf igura- 
t i o n  t o  an o r b i t a l  conf igura t ion .  T h i s  involves  ex tens ive  changes 
i n  t h e  Reaction Control System, Environmental Control  System, 
Sequent ia l  System, and o the r s .  I t  should be s t r e s s e d ,  however, 
t h a t  conf igu ra t ion  changes of t h i s  magnitude w e r e  done a t  t h e  Cape 
only because it was more e f f i c i e n t  t o  do so. 
have t o  engineer  and incorporate  changes of t h i s  magnitude s i n c e  w e  
are p r i m a r i l y  an opera t ions  organizat ion.  Changes which would 
normally be requi red  t o  update t h e  s p a c e c r a f t  t o  an optimum f l i g h t  
conf igu ra t ion  a r e  the type w e  expect t o  have t o  make on f u t u r e  
spacecraft programs. 

W e  do no t  prefer t o  

W e  p lan  t o  have a spacec ra f t  modif icat ion cen te r  a t  t h e  
manufac turer ' s  p l a n t  accomplish g ross  modi f ica t ions  t o  spacec ra f t  
conf igura t ion .  There was no provis ion f o r  such a modif icat ion 
c e n t e r  dur ing  t h e  Mercury program. Production l i n e  assembly 
techniques w e r e  used t o  manufacture t h e  s p a c e c r a f t ,  and once 
manufacturing and acceptance t e s t s  w e r e  completed, it was 
de l ive red  t o  t h e  f i e l d .  Some conf igura t ion  changes w e r e  re- 
f l e c t e d  i n  spacec ra f t  on t h e  assembly l i n e  b u t  many w e r e  
accomplished i n  t h e  f i e l d .  

Having a modif icat ion center  l oca t ed  a t  t h e  f a c t o r y  w i l l  
al luw more e f f i c i e n t  and r a p i d  incorpora t ion  of changes d i c t a t e d  
by c u r r e n t  design reviews, ground t e s t s ,  o r  f l i g h t  tes ts  be fo re  
t h e  s p a c e c r a f t  is de l ive red  t o  t h e  f i e l d .  It  is f e l t  t h a t  g ross  
conf igu ra t ion  updating should be handled i n  t h i s  manner. 
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However, s i n c e  t h e  Apollo and G e m i n i  programs are,  l i k e  
Mercury, developmental research programs, every spacec ra f t  which 
f l i e s  w i l l  be t a i l o r e d  t o  accomplish a s p e c i f i c  mission objec t ive .  
Each mission wi th  i t s  p a r t i c u l a r  ob jec t ive  is one l i n k  i n  t h e  
cha in  lead ing  t o  t h e  accomplishment of t o t a l  program ob jec t ives .  
Therefore ,  t h e  f l i g h t  conf igura t ion  of a p a r t i c u l a r  spacec ra f t  
can never be completely def ined u n t i l  t h e  preceding spacec ra f t  . 

completes i t s  mission. I f  the c u r r e n t  spacecraft f l i e s  and f a i l s  
t o  m e e t  its mission o b j e c t i v e ,  then  t h e  f a i l u r e  must be analyzed, 
proper c o r r e c t i v e  a c t i o n  must be taken ,  and t h e  mission must be 
re-flown. However, i f  t h e  cu r ren t  s p a c e c r a f t  completes i t s  
mission o b j e c t i v e ,  then  t h e  following s p a c e c r a f t  w i l l  be configured 
t o  achieve t h e  next  l o g i c a l  mission ob jec t ive  i n  t h e  chain lead ing  
toward achievement of t h e  t o t a l  program mission ob jec t ive .  

It is c u r r e n t l y  planned t h a t  a t  least  two s p a c e c r a f t  w i l l  be 

This  r equ i r e s  tha t  conf igura t ion  changes t o  
undergoing concurrent  checkout a t  t h e  Cape on both  t h e  Apollo 
and Gemini programs. 
update t h e  spacecraft t o  t h e  "best  s t a t e -o f - the -a r t "  as d i c t a t e d  
by r e s u l t s  of design reviews, ground t e s t s ,  and f l i g h t  t e s t s ,  which 
may w e l l  have taken p l ace  s ince  t h e  s p a c e c r a f t  a r r i v e d  a t  t h e  Cape, 
must be incorporated a t  t h e  Cape. 

These requirements w e r e  probably best expressed i n  a speech 
by D r .  G i l ru th  i n  which he  s t a t e s ,  "Thus w e  a r r i v e  a t  what i s  
perhaps t h e  m o s t  important s ing le  requirement i n  our programs: 
t h a t  des iqns  , procedures,  and  schedules must have t h e  f l e x i b i l i t y  
t o  absorb a s t eady  stream of chanqe qenerated by a c o n t i n u a l l y  
increas inq  understandinq of space problems. I' 

A f t e r  t h e  prime mission objec t ives  of P r o j e c t  Mercury had been 
achieved through t h e  f l i g h t s  of Colonel Glenn and Commander 
Carpenter ,  new program objec t ives  evolved. Experiments are 
r equ i r ed  t o  determine t h e  e f f e c t s  of t h e  space environment i n  
many s c i e n t i f i c  problem a reas ;  t h e r e f o r e ,  t h e  scope of t h e  Mercury 
mission w a s  expanded t o  encompass these new areas. Increased 
s p a c e c r a f t  orbi ta l  du ra t ion ,  phys io logica l  e f f e c t s  of increased  
mission du ra t ion  on t h e  Astronaut,  and specific s c i e n t i f i c  
experiments,  became new mission ob jec t ives .  The exac t  s c i e n t i f i c  
experiments t o  be flown a r e  chosen by a sc ien t i f ic  experiment 
panel .  

The increased scope of t h e  mission o b j e c t i v e  of course r e q u i r e s  
t h a t  many s p a c e c r a f t  modif icat ions be done a t  t h e  Cape. 
t h a t  once t h e  p r i m e  mission ob jec t ives  of f u t u r e  s p a c e c r a f t  pro- 
grams are achieved, they  t o o  w i l l  expand t h e  scope of t h e i r  
mission t o  encompass t h e  latest "space problems, 'I as indeed they  
should. Modif icat ions t o  t h e  spacec ra f t  a t  t h e  C a p e  w i l l  be 

W e  expect  

23 
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r equ i r ed  t o  support  t h e  new mission ob jec t ives  and t o  assure  t h a t  
t h e  "best s t a t e -o f - the -a r t "  i n  spacec ra f t  conf igura t ion  is being 
flown on each mission. 

I .  

I n  t h i s  regard ,  it i s  i n t e r e s t i n g  t o  compare some s t a t i s t i c s  
of Mercury spacec ra f t  p repara t ion  and launch (Figure 2). Simple 
averages f o r  a l l  production spacec ra f t  flown from t h e  Cape,show 
t h a t  of t h e  t o t a l  average t i m e  spent  a t  t h e  Cape, roughly 60% 
was s p a c e c r a f t  work t i m e  i n  the  Hangar (which includes modifica- 
t i o n ,  r e p a i r ,  assembly, s e rv i ce ,  and i n s p e c t i o n ) ,  25% f o r  Hangar 
T e s t ,  and 15% t i m e  on t h e  pad including a l l  work and tes t .  O f  t h e  
average t o t a l  t i m e  spent  i n  the  Hangar Complex, approximately 
70% w a s  work t i m e  and 30% ac t ive  t es t  t i m e .  

The average t i m e  spent  a t  t h e  Cape f o r  a l l  spacec ra f t  has  
been f i v e  months of which approximately 3 months w e r e  spent  i n  
Hangar work, 1 1/3 i n  Hangar t e s t ,  and 1 on t h e  launch pad. 

A s  an average, t h e  Mercury-Atlas spacec ra f t  have requi red  43 
more t o t a l  days a t  t h e  Cape than t h e  Mercury-Redstone spacec ra f t .  
They have requi red  3 3  more Hangar work days,  6 more Hangar t es t  
days,  and 4 more days on t h e  pad. I t  would appear t h a t  t h e  
increased complexity of t h e  Mercury-Atlas missions over t h e  
Mercury-Redstone had l i t t l e  e f f e c t  on t i n e  spent  i n  Hangar t e s t  
or  t o t a l  t i m e  spent  on t h e  launch pad. 

It a l s o  becomes apparent t h a t  t h e  g r e a t e s t  po r t ion  of t h e  
t o t a l  t i m e  t h e  spacec ra f t  spends a t  t h e  Cape is  spent  on s p a c e c r a f t  
work which includes modif icat ion,  assembly, r e p a i r ,  s e r v i c i n g ,  
i n spec t ion ,  e tc . ;  t h a t  t h e  spacec ra f t  Hangar tests t ake  only 25% 
of t o t a l  spacec ra f t  checkout t i m e ;  and a t  15% of t h e  t o t a l ,  t i m e  
t h e  spacec ra f t  spends on t h e  launch pad i s  Shawn t o  be a small  per- 
centage of t h e  t o t a l  t i m e  required t o  prepare a Mercury s p a c e c r a f t  
f o r  f 1 i g h t  . 

Repairs ,  - The Mercury spacecraf t  i s  l i t e r a l l y  packed wi th  
equipment and i n t e r n a l  working space is  seve re ly  l imi t ed .  A s  a 
r e s u l t ,  a c e r t a i n  amount of spacecraf t  w i r ing  damage and equipment 
damage occurs during normal work and tes t  opera t ions .  Repair 
is  a cont inuing  work i t e m  during a l l  phases of spacec ra f t  checkout. 
Any system a f f e c t e d  by these  r e p a i r s  must be r e - v e r i f i e d  by t e s t .  

Carefu l  work methods and r i g i d  inspec t ion  procedures have 
k e p t  s p a c e c r a f t  equipment damage t o  a minimum. The work a rea  and 
i n t e r i o r  of t h e  s p a c e c r a f t  i s  maintained i n  a c l e a n ,  dus t - f ree  
environment . 
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Complex Test inq.  - The complex opera t ions  normally r e q u i r e  
twelve work days. 
f o r  s e r v i c i n g  (Figure 4 ) .  
f i c i e n c i e s  uncovered through t e s t i n g ,  world wide range cond i t ions ,  
weather ,  e t c . ,  t h e  a c t u a l  t i m e  the s p a c e c r a f t  spends on t h e  pad 
is u s u a l l y  much longer than twelve days. The launch complex 
opera t ions  a r e  l i s t e d  below i n  the order  i n  which they  normally 
occur. 

Ten days a re  requi red  f o r  t e s t i n g  and two days 
Due t o  delays caused by system de- 

It should be emphasized t h a t  t h e  t es t  procedures w e r e  
developed t o  be f l e x i b l e  so t h a t  i f  malfunctions are encountered 
dur ing  t e s t i n g ,  o r  i f  modif icat ions changing t h e  spacec ra f t  con- 
f i g u r a t i o n  a r e  incorporated,  t h e  order  of t e s t i n g  may be changed 
as r equ i r ed  t o  v e r i f y  t h e  a f f ec t ed  system. Normally, a f t e r  t h e  
a f f e c t e d  system is re - t e s t ed ,  a complete s imulated f l i g h t  is re-run 
t o  prove t h a t  t h e  spacecraft/ launch veh ic l e  system is  i n  a f l i g h t -  
ready condi t ion .  The normal order of complex func t ions  a r e  as 
fol lows:  

Launch Complex Checkout 

Electr ical  v e r i f i c a t i o n  of t h e  complex which is  completed 
be fo re  t h e  spacec ra f t  a r r i v e s  a t  t h e  pad. 

I n t e r f a c e  Inspec t ion  

Inspec t ion  of t h e  mechanical i n t e r f a c e  a r e a  which is  s t a r t e d  
be fo re  t h e  s p a c e c r a f t  a r r i v e s  a t  t he  pad. 

Mechanical M a t e  

All mechanical i n t e r f a c e  connections t o  t h e  launch v e h i c l e  
are connected f o r  f l i g h t  . 

Spacecraf t  Systems T e s t  (Simulated F l i q h t  No .  1) 

This tes t  is performed t o  f u n c t i o n a l l y  v e r i f y  s p a c e c r a f t  
systems opera t ion  and t o  v e r i f y  spacecraft/complex compa t ib i l i t y .  
The test  c o n s i s t s  of a series of concurren t ly  run ind iv idua l  system 
f u n c t i o n a l  v a l i d a t i o n s  followed by s e v e r a l  i n t e g r a t e d  system tests 
f u n c t i o n a l l y  s imula t ing  mission p r o f i l e s  from l i f t o f f  through 
landing. All launch veh ic l e  funct ions are provided by a launch 
v e h i c l e  func t ion  s imula tor  s ince  t h e  s p a c e c r a f t  is not  e l e c t r i c a l l y  
connected t o  t h e  launch vehic le  dur ing  t h i s  t es t  day. Af t e r  
success fu l  completion of t h i s  t e s t ,  t h e  s p a c e c r a f t  is considered 

2 -5 
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f u n c t i o n a l l y  ready t o  be e l e c t r i c a l l y  mated t o  t h e  launch veh ic l e .  

Spacecraft/Launch Vehicle E l e c t r i c a l  I n t e r f a c e  and Abort T e s t s  

A l l  tests a f t e r  t h i s  t es t  a r e  concurrent  spacecraf t / launch 
v e h i c l e  tests. 

(1) This tes t  c o n s i s t s  of t w o  major p a r t s .  I n t e r f a c e  
c i r c u i t  and f l i g h t  c i r c u i t  checks a r e  performed us ing  launch 
v e h i c l e  s imula tor  i n i t i a t e d  s i g n a l s  a t  the i n t e r f a c e  t o  
v e r i f y  proper opera t ion  of spacec ra f t  e l e c t r i c a l  i n t e r f a c e .  
Upon completion of t h e s e  tests,  t h e  i n t e r f a c e  plugs a r e  mated 
t o  t h e  launch v e h i c l e  and i d e n t i c a l  checks are made using 
launch v e h i c l e  i n i t i a t e d  s igna l s .  A f u l l  complement of t es t  
cab l ing  is u t i l i z e d  t o  provide mul t ip l e  readout  and c o n t r o l  
c a p a b i l i t y .  

( 2 )  The i n i t i a l  tests provide v e r i f i c a t i o n  of spacec ra f t  
i n t e r f a c e  wi r ing  by using launch veh ic l e  s imulator  input  
s i g n a l s .  Each of t h e  two i n t e r f a c e  connectors  are t e s t e d  
s e p a r a t e l y  t o  v e r i f y  redundant c i r c u i t r y .  Both i n t e r f a c e  
connectors are then  t e s t e d  s imultaneously through e i g h t  
abort runs.  Automatic squib disarm c i r c u i t r y  is a c t i v a t e d  
and i ts  opera t ion  v e r i f i e d .  An exercise of manual over r ide  
c i r c u i t r y  (excluding p u l l  r i n g s )  completes t e s t i n g  wi th  t h e  
launch v e h i c l e  s imula tor .  

( 3 )  The launch vehic le  support  p o r t i o n  is begun wi th  
ind iv idua l  i n t e r f a c e  plug checks. Complex redundant pa ths  
f o r  l i f t o f f  and a b o r t  a r e  v e r i f i e d  dur ing  t h e  plug checks. 
Both i n t e r f a c e  plugs a r e  then connected i n  f l i g h t  configura- 
t i o n  and t h e  fol lowing mode checks are run: Abort o f f  t h e  pad, 
Abort Sensing Implementation System (ASIS) ,  abort be fo re  tower 
s e p a r a t i o n ,  and normal f l i g h t  through s p a c e c r a f t  s epa ra t ion .  

(5)  A v e r i f i c a t i o n  of Mercury Cont ro l  Center Command 
func t ions ,  and T e s t  Conductor (TC) FW abort c a p a b i l i t y  through 
Mercury Control  Center i s  performed. 

F l i q h t  Acceptance Composite T e s t  (FACT) 

This tes t  i s  b a s i c a l l y  an i n t e g r a t e d  s imulated f l i g h t  t es t  
wi th  t h e  launch v e h i c l e  and AMR. The major tes t  ob jec t ive  is t o  
prove combined s p a c e c r a f t  launch v e h i c l e  range ope ra t iona l  and 
procedural  compa t ib i l i t y ,  including RF compa t ib i l i t y ,  during a 
s imulated f l i g h t .  The following tests a r e  included dur ing  t h e  
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FACT test: 

(1) Range Command Checks 

(2) Launch Vehicle Spacecraf t  RF Compatibi l i ty  

( 3 )  Simulated F l i g h t  through Abort a t  T p l u s  200 
seconds 

(4) Simulated F l i g h t  through Recovery (Normal) 

A f t e r  t h e  space veh ic l e  success fu l ly  completes t h i s  tes t ,  
t h e  recovery fo rces  a r e  deployed. 

F l i g h t  Conf iqu ra t ion  Sequence and Aborts 

This tes t  has  two primary objec t ives :  T o  observe any p o s s i b l e  
electrical  i n t e r f e r e n c e  a f f e c t i n g  t h e  launch v e h i c l e  a u t o p i l o t  
programmer and t o  e x e r c i s e  abort modes wi th  the spacec ra f t  and 
launch v e h i c l e  i n  a f l i g h t  conf igura t ion .  

There are seven s e p a r a t e  t e s t s  w i th  t h e  s p a c e c r a f t  and launch 
v e h i c l e  i n  f l i g h t  conf igura t ion  which exercise f u n c t i o n a l l y  a l l  
p r e d i c t a b l e  a b o r t  modes and normal ascent  w i th  a l l  complex 
c a b l i n g ,  including umbilicals , separa ted  from t h e  s p a c e c r a f t  and 
launch veh ic l e .  

Launch Simulation and R F  Compatibi l i ty  (Launch Countdown 
D r e s s  Rehearsal)  

This t e s t  provides  a s  c lose  a s imula t ion  of launch day 
opera t ions  a s  poss ib l e  i n  order t o  v e r i f y  launch day procedures 
and t o  provide t r a i n i n g  f o r  t h e  launch c r e w .  To  accomplish t h e s e  
objectives t h e  fol lowing condi t ions  e x i s t :  

(1) Hydrogen Peroxide is loaded t h e  n igh t  be fo re  and 
the ra te  of decomposition is  monitored for  1 2  hours  a s  
would occur dur ing  launch day. 

(2) Hydrogen Peroxide launch day systems checks are 
performed, including t h r u s t e r  f i r i n g .  

( 3 )  A s u i t e d  Astronaut is i n s t a l l e d  i n  t h e  spacec ra f t  
and connected t o  t h e  l i f e  support  system. 

(4) The ha tch  is  i n s t a l l e d  and a l eak  check is made 
i d e n t i c a l  t o  launch day. 

( 5 )  The gant ry  i s  moved away f r o m  the space v e h i c l e .  
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( 6 )  Launch conf igura t ion  RF compa t ib i l i t y  tests a r e  
performed between spacec ra f t ,  launch v e h i c l e ,  and range. 

(7) With t h e  gan t ry  removed, emergency eg res s  procedures 
are performed. 

Tes t ing  is s t a r t e d  a t  T-390 minutes which r ep resen t s  pickup 
time for  t h e  second h a l f  of t h e  a c t u a l  countdwn.  The countdown 
s imula t ion  proceeds t o  T-0. At T-0, a l l  s p a c e c r a f t  and launch 
v e h i c l e  RF is on: spacec ra f t  gyros are exerc ised  and major commands 
are t r ansmi t t ed  from Mercury Control Center t o  t h e  spacec ra f t .  
Both launch v e h i c l e  and spacec ra f t  system monitors v e r i f y  t h a t  no 
RF i n t e r f e r e n c e  e x i s t s  be fo re  RF shutdown. F i n a l  v e r i f i c a t i o n  
t h a t  R F  ou tputs  d i d  n o t  f i r e  any spacec ra f t  pyrotechnic  s imula tor  
i s  performed fol lowing emergency eg res s  p r a c t i c e  when t h e  gant ry  
is  re turned  t o  t h e  space vehic le .  

Egress practice is  conducted a f t e r  a s p e c i a l  ha t ch  c r e w  has  
been h o i s t e d  t o  t h e  spacec ra f t  and has  removed t h e  hatOh. With 
t h e  spacecraft ha tch  removed, t r u e  egress  s imula t ion  can  be 
performed a s  d i r e c t e d  by t h e  Egress and Rescue Team. 

Simulated F l i q h t  T e s t  

This procedure,  conducted a s  c l o s e l y  a s  p o s s i b l e  t o  launch 
day, con ta ins  comprehensive tes ts  of a l l  s p a c e c r a f t  systems t o  
prove t h e  spacec ra f t  f l ight-worthy. Extensive t es t  cab l ing  is  
u t i l i z e d  t o  provide mul t ip l e  readout and c o n t r o l  c a p a b i l i t y .  
The test  con ta ins  t h e  following major p a r t s :  

(1) Systems T e s t s  - d e t a i l e d  confidence l e v e l  tests of 
a l l  systems except t h e  Reaction Control System (RCS) .  

( 2 )  Command Checks - a l l  modes of abor t  and r e t r o f i r e  
commands, u t i l i z i n g  range func t ions .  

( 3 )  Abort Sensing and Implementation System ( A S I S )  - 
(simulated f l i g h t  with launch veh ic l e )  

(4)  Normal f l i g h t ,  l i f t o f f  through recovery (simulated 
f l i g h t  with launch vehic le )  

(5)  S t a t i c  System Test - F i n a l  vacuum tes t  of b a r o s t a t s ,  
al t imeter,  and r a t e  of descent i n d i c a t o r .  

P a r t  1 of t h i s  tes t  i n c l u d e s  e l e c t r i c a l ,  environmental ,  
ASCS, t e lemet ry ,  and communications systems tests. Electr ical  

28 



- 24 - 

checks v e r i f y  l i g h t i n g ,  and i n v e r t e r  switching. The environmental 
checks v e r i f y  f ans  c o n t r o l  c i r c u i t r y  and oxygen flow rates  i n  
t h e  normal and emergency mode. ASCS checks include horizon 
s c a n n e r ,  amp-cal, and RSCS tests. Telemetry tests v e r i f y  camera 
and tape recorder  opera t ion ,  and i n v e s t i g a t e  open loop and hard- 
w i r e  umbi l ica l  s i g n a l s  t o  prove proper system opera t ion .  Communi- 
c a t i o n s  checks a r e  a l l  open loop. 

P a r t  2 v e r i f i e s  spacec ra f t  command r e c e i v e r  opera t ion ,  com- 
p a b i b i l i t y  with t h e  Mercury Control Center Command Console, c o m -  
p a t i b i l i t y  wi th  AMR command t r a n s m i t t e r s ,  and spacecraf t / launch 
v e h i c l e  f u n c t i o n a l  compat ib i l i ty  during simulated f l i g h t s .  

The launch veh ic l e  abor t  a f t e r  tower sepa ra t ion  run i s  
performed with horizon s imulators  i n s t a l l e d  t o  v e r i f y  scanner 
e r r o r  s i g n a l s .  Retrograde sequence i s  i n i t i a t e d  by R F  command. 
P r e - l i f t o f f  and i n - f l i g h t  switching on spacec ra f t  and launch 
v e h i c l e  is  performed i n  accordance wi th  countdown and mission 
p r o f i l e  c o n t r o l  func t ions .  The a b o r t  f l i g h t  is  terminated j u s t  
a f t e r  r e t r o r o c k e t  f i r e .  

A re-cycle t o  T-10 minutes sets up t h e  s p a c e c r a f t  and boos te r  
f o r  t h e  normal f l i g h t ,  l i f t o f f  through recovery.  The horizon 
s imula to r s  a r e  removed t o  allow v e r i f i c a t i o n  of p i t c h  o r b i t a l  
p recess ion  r a t e .  Retrograde sequence is i n i t i a t e d  by t h e  o r b i t a l  
t iming device.  A l l  f l i g h t  func t ions  a r e  recorded t o  provide 
permanent da t a .  

P a r t  5 con ta ins  tes ts  of the  r a t e  of descent  i n d i c a t o r ,  a l t i -  
m e t e r ,  and t h e  b a r o s t a t s .  The r a t e  of descent  i n d i c a t o r  i s  
connected f o r  f l i g h t  during t h i s  tes t .  

E l e c t r i c a l  I n t e r f a c e  T e s t  

This  t e s t  provides  f i n a l  f l i g h t  v e r i f i c a t i o n  of t h e  electrical  
i n t e r f a c e  between spacec ra f t  and launch v e h i c l e  and is performed 
j u s t  p r i o r  t o  pre-count s e rv i c ing  a f t e r  t h e  s imulated f l i g h t .  
Spacecraf t  conf igura t ion  i s  the same as  it is  f o r  s imulated f l i g h t .  

Pyrotechnic Electr ical  Checks 

Following t h e  f i n a l  simulated f l i g h t ,  b r idge  w i r e  r e s i s t a n c e  
measurements a r e  performed on a l l  pyrotechnics  t o  a s su re  f l i g h t -  
worthy condi t ion .  Pyrotechnic f i r e  c i r c u i t s  and s h i e l d s  are 
tested f o r  c o n t i n u i t y .  A f t e r  the  pre-count,  a l l  pyrotechnics  a r e  
e l e c t r i c a l l y  connected except the  escape rocke t .  The pyrotechnic  
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system is then i n  f l i g h t  configurat ion.  An order ly  procedure is 
provided t o  perform and document t h e s e  func t ions .  This document 
provides  d e t a i l e d  i n s t r u c t i o n s  f o r  r e s i s t a n c e  checks of each 
pyrotechnic  device,  c o n t i n u i t y  and s t r a y  vol tage  check of 
a s soc ia t ed  pyrotechnic w i r i n g  i n  t h e  Mercury spacec ra f t  p r i o r  
t o  f i n a l  connections f o r  f l i g h t .  

Res is tance  readings are compared t o  re ference  va lues  (values  
measured be fo re  pyrotechnic  i n s t a l l a t i o n )  which are l i s t e d  i n  t h e  
document, t o  v e r i f y  t h a t  t h e  pyrotechnic resistance h a s  n o t  
changed and t h a t  connections and wi r ing  have no t  opened. 

S t r a y  vol tage  checks are performed wi th  spacec ra f t  power on 
and o f f  t o  v e r i f y  t h a t  no vol tage is p resen t  between pyrotechnic  
wi r ing  and ground. Cont inui ty  is checked on a l l  pyrotechnic  
wi r ing  through t h e  squib  f i r e  r e l ays  t o  v e r i f y  wir ing  connections 
and t o  make c e r t a i n  t h a t  proper ground is  provided t o  pyrotechnics  
when t h e y  are connected. 

F i n a l  f l i g h t  electrical  connection of each pyrotechnic  is 
made immediately a f t e r  completion of t h e  paver of f  s t r a y  vo l t age  
checks during t h e  pre-count. 

Reaction Control System - X - 5  and X-1 Day T e s t  

As i nd ica t ed  by t h e  t i t l e ,  t h i s  t es t  i s  performed t w i c e  
whi le  t h e  spacec ra f t  i s  on t h e  pad. P r i o r  t o  s imulated launch, 
t h e  s p a c e c r a f t  is serv iced  with hydrogen peroxide (H202) and 
p r e s s u r i z i n g  gas.  Hydrogen peroxide decomposition is  monitored 
over an e i g h t  t o  twelve hour span. The l a s t  phase of monitoring 
and t h e  s ta t ic  f i r i n g  of t h e  t h r u s t e r s  are in t eg ra t ed  wi th  t h e  
launch s imulat ion.  Following the  s imula t ion ,  t h e  system is 
drained.  

The test  is repeated between t h e  pre-count and f i n a l  count- 
down. F i n a l  s t a t i c  f i r i n g  is completed during t h e  countdown. The 
tes t  ob jec t ives  f o r  t h e  X-1 day t e s t  are: 

(1) T o  v e r i f y  t h a t  t h e  peroxide system and p r e s s u r i z i n g  
system do not  leak  and a re  ready f o r  f l i g h t .  

( 2 )  T o  v e r i f y  t h a t  the decomposition r a t e  of 90% 
hydrogen peroxide (H202) i n  t h e  system i s  wi th in  s p e c i f i e d  
l i m i t s  wi th  confidence t h a t  it w i l l  remain wi th in  l i m i t s  
dur ing f l i g h t .  

( 3 )  To v e r i f y  proper opera t ion  by s t a t i c  f i r i n g  a l l  
t h r u s t e r s .  
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(4)  T o  allow t h e  a l t e r n a t e  Astronaut t o  eva lua te  t h e  
hand c o n t r o l l e r  c h a r a c t e r i s t i c s  j u s t  before  f l i g h t .  

Pre-Count and Launch Countdown 

The Pre-Count and Launch Countdown, i l l u s t r a t e d  i n  Figure 5 ,  
are conducted over a two-day period. The Pre-Count (T-610 t o  
T-390 minutes) is s t a r t e d  e a r l y  X-1  day wi th  a bui ld- in  15-hour 
hold  a t  T-390 minutes. The Countdown is picked up a t  T-390 
minutes a t  t h e  end of t h e  hold.  

The tes t  ob jec t ives  of the Pre-Count and Countdown a r e  t o  
determine t h e  launch readiness  of a l l  spacec ra f t  systems prior 
t o  f l i g h t  and t o  perform a l l  preparatory func t ions  requi red  t o  
b r i n g  t h e  spacec ra f t  and Astronaut t o  t h e  proper f l i g h t  configura- 
t i o n .  

Pre-Count (T-610 t o  T-390) : 

(1) Environmental con t ro l  system is t e s t e d  e l e c t r i c a l l y  
i n  a s i m i l a r  manner t o  previous systems tests. 

(2) The TM system i s  checked both open;.and c losed  loop. 

(3)  The ASCS system is r e s t r i c t e d  t o  l i m i t e d  t e s t i n g  
due t o  t h e  necessary spacecraf t  conf igura t ion ;  however, t h e  
system i s  turned on and gyro precess ion  checks are performed. 

(4)  The communications system is  t e s t e d  both open and 
c losed  loop. Closed loop tests on t h e  a u x i l i a r y  beacon, HF 
beacon, and HF recovery t r ansmi t t e r - r ece ive r  a r e  necessary 
due t o  antenna r e s t r i c t i o n s  caused by the  escape tower be ing  
i n s t a l l e d  a t  t h e  t i m e  of t e s t i n g .  

(5)  The e l e c t r i c a l  sys tem performs a momentary power 
t r a n s f e r  t o  f l i g h t  batteries. Performance of a l l  systems 
on i n t e r n a l  p o w e r  is  monitored. A l l  i n v e r t e r s  a r e  t e s t e d .  

(6)  Command checks are  conducted using t h e  t h r e e  AMR 
t r a n s m i t t e r s .  Spacecraf t  v e r i f i c a t i o n  of a b o r t ,  s t a r t  r e t r o -  
grade sequence, and clock change commands a r e  obtained.  A s  
p a r t  of t h e  clock changes, a complete c lock tes t  is  conducted 
t o  prove a l l  t i m e  change combinations. 

( 7 )  A power on s t r a y  vo l t age  t es t  is conducted from 
T-430 t o  T-390 minutes. A t  T-390, a l l  power is  removed 
from t h e  spacec ra f t  and spacec ra f t  complex. 
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(8) Pyrotechnics a r e  then e l e c t r i c a l l y  connected f o r  

f 1 igh t . 
(9)  Af te r  t h e  pyrotechnics a r e  connected, 90% hydrogen 

peroxide is loaded f o r  f l i g h t ,  and a 12-hour s u r v e i l l a n c e  
begins .  

Decomposition rate is c a r e f u l l y  monitored during t h i s  per iod.  

Launch Countdown (T-290 t o  T-0) 

Af t e r  an approximate 15-hour ho ld ,  t h e  second h a l f  of t h e  
count is  picked up a t  T-390 minutes. M i l e  p o s t  func t ions  performed 
f r o m  T-390 minutes t o  T-0 a re :  

(1) T-390 Minutes - Mechanical i n s t a l l a t i o n  and electrical  
connection of t h e  escape rocket  i gn i t e r .  

( 2 )  T-360 Minutes - The pad a rea  is  completely c l ea red .  
All launch veh ic l e  and spacec ra f t  electrical  power and RF 
are energized. A l l  range R F  i s  turned  on. The a b o r t  system 
is armed. This provides  confidence t h a t  no pyrotechnic  m a l -  
func t ion  w i l l  occur. 

(3)  T-290 Minutes - Command checks and f i n a l  c lock changes. 

(4)  T-270 Minutes - The Reaction Control  System (RCS) 
s t a t i c  f i r i n g  is begun. 

(5)  T-135 Minutes - Preparat ion f o r  and i n s e r t i o n  of 
t h e  Astronaut.  

(6)  T-90 Minutes - Hatch i s  i n s t a l l e d .  Cabin purge and 
p res su re  t es t  is performed. 

(7) T-55 Minutes - The s e r v i c e  s t r u c t u r e  is  c l e a r e d  
and p repa ra t ions  f o r  moving t h e  s e r v i c e  s t r u c t u r e  are 
completed. 

(8) T-50 Minutes - Service s t r u c t u r e  is moved away 
from t h e  m i s s i l e  space vehic le .  

(9)  T-44 Minutes - The a b o r t  system i s  armed. 

(10) T-35 Minutes - Spacecraf t  RF on. 

(11) T-10 Minutes - Spacecraf t  t o  i n t e r n a l  power. 
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( 1 2 )  T - 5  Minutes  - Spacecraf t  g ives  - GO - t o  launch 
veh ic l e .  

(13) T-35 Seconds - Spacecraf t  umbi l ica l  eject ,  f i n a l  
Spacecraf t  GO 

(14) T-18 Seconds - Engine sequence s t a r t e d  

(15) T-2 Seconds - Engine i g n i t i o n  

(16) T-O - LIFT-OFF 

Conclusion: 

The above d e s c r i p t i o n  of the  work performed on the  s p a c e c r a f t  
from t h e  t i m e  it a r r i v e s  a t  t h e  Cape u n t i l  launch shows t h a t  
t h e  func t ions  performed i n  each of t h e  c a t e g o r i e s  complements t h e  
t es t  philosophy ou t l ined  i n  t h e  f i r s t  s e c t i o n  of t h i s  r e p o r t .  
For example, t h e  b u i l d i n g  block approach t o  t e s t i n g  is  exemplif ied 
by the t e s t  series w h i c h  begins w i t h  Hangar component and systems 
tests, b u i l d s  up t o  t h e  hangar simulated f l i g h t ,  and then proceeds 
t o  complex tests. 

Spacec ra f t  modi f ica t ion  incorporated a t  t h e  launch s i t e  
implements t h e  MSC p o l i c y  t h a t  the  s p a c e c r a f t  con f igu ra t ion  s h a l l  
be updated as r equ i r ed  by ground tes t  and f l i g h t  t e s t  r e s u l t s  s o  
t h a t  t h e  optimum conf igu ra t ion  is  flown. This p o l i c y  is  empha- 
s i z e d  emphat ica l ly  by  D r .  G i l r u t h ' s  s ta tement ,  " I n  manned f l i g h t  
w e  cannot a f f o r d  t o  regard  any equipment malfunctions as a random 
f a i l u r e .  W e  must regard every malfunction and, i n  f a c t ,  every 
observed p e c u l i a r i t y  i n  t h e  behavior of a system as an important 
warning of p o t e n t i a l  d i s a s t e r ,  Only when t h e  cause is understood 
and e l imina ted ,  can w e  proceed w i t h  t h e  f l i g h t  program. I f  the 
space program i s  t o  m e e t  schedules wi th  hardware t h a t  is  f i t  t o  
f l y ,  r a p i d  c o r r e c t i v e  response t o  malfunct ions throughout system 
development and p r e f l i g h t  prepara t ions  i s  a c r i t i c a l l y  important 
requirement.  " 

Admittedly,  t h e  r igorous  prelaunch tes t  and in spec t ion  
program performed on t h e  Mercury s p a c e c r a f t  a t  Cape Canaveral 
h a s  r e s u l t e d  i n  a long checkout per iod:  however, a s i n g l e  mission 
f a i l u r e  would undoubtedly have r e s u l t e d  i n  an even g r e a t e r  de lay ,  

I n  summary, t h e  Mercury T e s t  Program has  been a s u c c e s s f u l  
one. I t  is  f e l t  t h a t  t h e  use of thorough prelaunch t e s t i n g  and 
in spec t ion  techniques have con t r ibu ted  s i g n i f i c a n t l y  t o  t h e  success  
of t h e  program. Extensive spacec ra f t  checkout and in spec t ion  have 
helped provide t h e  confidence i n  mission r e l i a b i l i t y  necessary  
for a Manned Spacecraf t  Program. 
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Figure 11 - W~ight and Balance Area in Hangar "s" 
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Figure 12 ,- Spacecraft Checkout Racks in Mercury-Atlas Blockhouse 
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SERVICE STRUCTURE BASCULE 

TOWER 

F igure 13 - View Showing Service Structure and Eg r es s Tower for 
Mercury-Atlas Launch Pad Fac ilities 
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