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INTRODUCTION 

It i s  the  i n t e n t  of t h i s  paper t o  show how the  Gemini program has 
attempted t o  draw upon and p r o f i t  from Mercury experience. 

The Gemini P ro jec t  has evolved a s  a NASA space program with i t s  
prime mission of providing a f l e x i b l e  space system t h a t  w i l l  enable 
us t o  ga in  proficiency i n  manned space f l i g h t  and t o  develop new 
techniques f o r  advanced f l i g h t s ,  including rendezvous. To achieve 
these  objec t ives ,  we must have a space vehicle with s u b s t a n t i a l l y  
g rea t e r  capab i l i t y  than the  Mercury spacecraft .  This increased capa- 
b i l i t y  w i l l  include provisions for two men, ins tead  of one, a s  i n  the  
Mercury spacecraf t  and f o r  space missions of up t o  two weeks' duration. 
It i s  the  i n t e n t  of the  Gemini P ro jec t  t o  b u i l d  upon the experience 
gained from Mercury so t h a t  most of the  energies of t he  new program can 
be devoted t o  t h e  so lu t ion  of t he  problems assoc ia ted  with achieving 
i t s  primary mission objec t ives  and not have t o  f i g h t  i t s  way through a 
swelter of o ld  problems. 
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DESCRIPTION OF G E M I N I  

The Gemini f l i g h t  program i s  shown i n  f igu re  1. The f i rs t  f l i g h t  
i s  a b a l l i s t i c  sub-orb i ta l  qua l i f i ca t ion  f l i g h t .  
planned f o r  manned f l i g h t s  t o  begin w i t h  t he  second f l i g h t .  
f l i g h t s  should begin with about t he  f i f t h  f l i g h t .  

It i s  present ly  
Rendezvous 

The Gemini spacecraf t  i s  shown i n  f igu re  2. It i s  made up of two 
major sections,  t he  r een t ry  module and the  adapter module. The adapter 
module, see f i g u r e  3, contains equipment and systems required t o  sus t a in  
the spacecraf t  i n  o r b i t .  The adapter cons is t s  of two sections;  the  
equipment sec t ion  t h a t  contains the  main oxygen supply, the primary 
e l e c t r i c a l  system, a propulsion system f o r  o r b i t a l  a t t i t u d e  con t ro l  and 
maneuvers; and a sec t ion  which contains a re t rograde  system. The 
adapter w i l l  be j e t t i soned  i n  two stages p r i o r  t o  reent ry .  The r een t ry  
module contains the  cabin which w i l l  house the  two astronauts,  t he  
r een t ry  con t ro l  system module and the  rendezv'ous and radar module. 
front-end view of t he  spacecraf t  i s  shown i n  f i g u r e  4. The crew s t a t i o n  
o r  "cock-pit" i s  shown i n  f i g u r e  5. 
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The Gemini launch vehicle i s  a modified Titan I1 which repre-  
s en t s  a second-generation vehic le  evolved from the Titan I. The 
primary modifications f o r  the GLV a re  the  incorporation of a 
redundant f l i g h t  cont ro l  system and the  addition of a Malfunction 
Detection System (IDS) f o r  p i l o t  sa fe ty .  

I 

The t a r g e t  vehicle i s  a modified Agena-D. The primary modifi- 
ca t ions  t o  the  Pgena a re  the  incorporation of a multiple r e s t a r t  
system, the  addition of a secondary propulsion system, and a command 
and con t ro l  system t h a t  i s  compatible with the  spacecraf t .  

The Agena launch vehicle i s  the  Atlas standard space launch vehicle.  
This vehicle i s  a r e f ined  Atlas-D and i s  planned a s  a "work-horse'' 
vehicle f o r  many space p ro jec t s .  
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EXAMPLES OF APPLIED MERCURY EXPERIENCE 

The authors have se l ec t ed  four a reas  t o  i l l u s t r a t e  how Mercury 
experience influenced Gemini. These a reas  are; i n t eg ra t ion  of man 
i n t o  system, design, checkout, and launch vehicle i n t eg ra t ion .  There 
follows a discussion of each area.  

In tegra t ion  of Man I n t o  System 

The f i rs t  example of applying Mercury experience t o  Gemini i s  
the  in t eg ra t ion  of man i n t o  the  f l i g h t  system. Since the  Mercury 
program was America's f i r s t  manned space venture, i t s  design con- 
s t r a i n t s  were i n  some ways more r e s t r i c t i v e  than those of the  Gemini 
program. F i r s t ,  s ince  we  had never before put man i n t o  space, it 
was necessary t o  develop a vehicle t h a t  could and would operate 
through a l l  phases of f l i g h t  completely independently of man. 
requirement has been successfully met w i t h  the  Mercury spacecraft .  
To achieve such a vehicle fo r  Gemini, with i t s  added systems for f u l -  
f i l l i n g  the  more ambitious mission objec t ives  and within the  time 
framework a l l o t t e d ,  would have been an almost impossible t a sk .  The 
design concept behind Gemini, therefore ,  i s  d i f f e r e n t  than it was fo r  
Mercury. Actually it i s  Mercury experience i t s e l f  t h a t  makes t h i s  
possible.  Man as a pos i t i ve  f ac to r  contributing t o  mission success i n  
space environment has proven himself during the  course of P ro jec t  
Mercury. 
(see Bibliography). 
success w i l l  be c i t e d  here. 
mission), malfunctions i n  the  automatic con t ro l  system prompted the  
as t ronaut  t o  assume manual control.  
automatic con t ro l  mode, t he re  would have been i n s u f f i c i e n t  f u e l  t o  
comp1.ete the  th ree -o rb i t  mission. 

This 

A l l  of the  manned Mercury f l i g h t s  have been we l l  documented 
Two examples of man's cont r ibu t ion  t o  mission 

During the  MA-6 f l i g h t  (John Glenn's 

Had t h i s  f l i g h t  continued in the 

During MA-8 (Sch i r r a ' s  f l i g h t )  a 



change i n  flow c h a r a c t e r i s t i c s  of a valve i n  the  environmental con- 
t r o l  system caused pressure-su i t  temperatures t o  reach un'comforkable 
l eve l s ,  b u t  systematic and e f f ec t ive  adjustment of the con t ro l  valve 
by the p i l o t  corrected the  overtemperature. Had t h e  p i l o t  been 
unable t o  exerc ise  t h i s  control,  the  f l i g h t  would have been terminated 
much e a r l i e r  than was planned. Other examples could be  c i t e d  bu t  
these  should be s u f f i c i e n t  t o  make the  point.  

To s t a t e  t h a t  man i n  space has proven himself in Mercury does not 
imply t h a t  t he re  a re  not s t i l l  many many unknowns i n  the  area of human 
fac to r s  i n  space f l i g h t .  However, t h e r e  i s  now concrete evidence t h a t  
man can ma te r i a l ly  improve chances of mission success. In  Gemini, man 
therefore  i s  being in tegra ted  i n t o  much of systems operation. T h i s  
approach enables use of simplified c i r c u i t r y ,  minimization of auto- 
matic equipment, and since man i s  t o  he heavily r e l i e d  on, more w i l l  
be learned w i t h  regard t o  man's c a p a b i l i t i e s  i n  space than would be 
the  case i f  he were only required t o  play a passive r o l e  during the  
course of a mission. 

Design 

The Gemini program has drawn heavily upon Mercury experience i n  
the  design of the  spacecraft .  There follows a discussion of t h ree  
major systems t o  i l l u s t r a t e  t h i s  f a c t .  

Landing System. - Considerable e f f o r t  was expended t o  develop a 
s u i t a b l e  landing system f o r  Mercury. 
of the  Mercury spacecraf t  were performed primarily t o  develop the  
landing system. 
from high-flying cargo a i rp lanes  w i t h  various parachute configurations.  

I n  f a c t ,  the  f i r s t  f l i g h t  tes ts  

These tests involved dropping b o i l e r  p l a t e  capsules 

Due t o  vigorous in-house e f f o r t s  within the  NASA as w e l l  a s  
extensive e f f o r t  by the  contractor,  a r e l i a b l e  landing system was 
developed which i s  present ly  being u t i l i z e d  i n  the  Mercury program. 

There a re  severa l  disadvantages t o  the  Mercury system, however. 

(3)  need for a landing shock a t tenuator  (Landing Bag). 

For item 1, the  Gemini spacecraft  incorporates an o f f s e t  center 

These a re :  (1) high landing dispersion, (2 )  necess i ty  f o r  water 
landing, 

of g rav i ty  so a s  t o  t r i m  a t  some d e f i n i t e  value of l i f t .  The d i r e c t i o n  
of t he  l i f t  vector can be cont ro l led  by r o l l i n g  the  spacecraf t  through 
use of t he  r een t ry  con t ro l  system. This, coupled w i t h  information 
provided by an onboard computer, w i l l  make poss ib le  landings wi th in  
smaller areas of dispersion. 
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, A paragl ider  development program i s  being d i l i g e n t l y  pursued by 
the  NASA t o  provide the  capab i l i t y  of land landings on prepared si tes.  
A t y p i c a l  paragl ider  configuration i l l u s t r a t i n g  the deployment sequence 
i s  shown a s  f i g u r e  6. 
maneuver, t o  avoid l o c a l  obs t ruc t ions  and land i n  much the  same manner 
a s  with an airplane.  Use of a paraglider w i l l  el iminate the  need f o r  a 
landing bag a s  was used on Mercury. 

With the  paragl ider ,  t he  p i l o t  w i l l  be ab le  t o  

Since the  paragl ider  i s  a new development, a parachute landing 
system s imi la r  t o  the  Mercury system i s  being developed f o r  in te r im 
use u n t i l  t he  paraglider system i s  q u a l i f i e d  (see f i g u r e  7 ) .  
t he  spacecraft  i s  suspended i n  such a manner a s  t o  provide reduced 
landing impact loads. When the  spacecraf t  e n t e r s  t he  water i n  the  
manner shown, the  onset g r a t e  i s  g r e a t l y  reduced. The parachute 
u t i l i z e d  f o r  t h i s  system evolved from Mercury experience. It i s  an 
84 f t .  diameter version of t he  r i n g - s a i l  chute used on the  Mercury 
capsule. 

However, 

E l e c t r i c a l  power system. - The Gemini spacecraf t  u t i l i z e s  f u e l  
c e l l s  a s  t h e  major source of e l e c t r i c a l  power during o r b i t i n g  f l i g h t .  
This i s  because of the  extensive load requirements for both the  long 
duration and rendezvous missions. A system of s i l v e r  zinc b a t t e r i e s  
s imi la r  t o  those used i n  Mercury w i l l  supply e l e c t r i c a l  power during 
reent ry ,  pos t  landing and f o r  emergency operation during o r b i t .  A l l  
squibs and pyrotechnics, t he  high t r a n s i e n t  voltage devices, w i l l  be 
powered by an independent dual zinc-battery supply s imi la r  t o  t h a t  used 
for reent ry .  
r e l a y s  and timers malfunctioned a s  a r e s u l t  of t he  occurrence of high 
t r a n s i e n t  voltages or "g l i tches ."  A completely independent i s o l a t e d  
squib bus such a s  i s  being designed i n t o  Gemini should minimize, i f  no t  
eliminate,  t he  "g l i tch"  problem. 

.J During the  Mercury program upon a number of occasions 

A r a d i a t o r  has been provided f o r  f u e l  c e l l  cooling and t o  supply 
coolant t o  cold p l a t e s  which a re  i n s t a l l e d  under c r i t i c a l  hea t  generating 
devices aboard the  spacecraft .  A t  times during the course of Mercury 
missions problems arose due t o  the  overheating of e l e c t r i c a l  equipment. 
I n  Gemini most of t he  equipment w i l l  be exposed t o  the  space environment 
r a t h e r  than t o  cabin atmosphere. This, of course, magnifies the  heating 
problem. The use of t he  cold p l a t e s  f o r  pos i t i ve  cooling during both 
ground checkout and f l i g h t  should minimize our hea t  balance problems. 

Control System. - Att i tude  con t ro l  of the  Mercury spacecraf t  i s  
achieved by means of a Reaction Control System u t i l i z i n g  hydrogen 
peroxide a s  t he  propellant.  Weight l i m i t a t i o n s  necess i t a t ed  t h e  use 
of aluminum tubing throughout t h i s  system. The combination of hydrogen 
peroxide and aluminum i s  not p a r t i c u l a r l y  compatible. Proper passiva- 
t i o n  of the  tubing has been extremely d i f f i c u l t  t o  achieve. System 
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contamination, therefore ,  i s  an ever-present problem. Furthermore, 
design considerations d i c t a t ed  the  use of f l a r e d  tubing. The use of 
f l a r e d  tubing has posed a constant leakage t h r e a t .  

Control of t he  Gemini spacecraf t  i s  achieved by means of t he  Orbit 
Atti tude and Maneuvering System while  i n  o r b i t  and by means of t h e  
Reentry Control System during retrograde and reent ry .  Both systems 
u t i l i z e  hypergolic propel lan ts .  The f u e l  i s  monomethyl hydrazene, and 
the oxidizer i s  nitrogen te t roxide .  

Hypergolic propel lan ts  were se lec ted  primarily due t o  t h e i r  higher 
Furthermore, with hypergolics t h e r e  i s  not  t he  ever- spec i f i c  impulse. 

present danger of explosive decomposition t h a t  i s  a t tendant  with the  
use of a peroxide system. 
the  use of hypergolics r a t h e r  than hydrogen peroxide i s  on the  order of 
700 pounds. S t a i n l e s s  s t e e l  tubing w i l l  be used throughout t h e  system 
which should minimize "passivation" problems. 
brazed system t o  minimize leakage. Squib cont ro l led  diaphragm type 
i so l a t ion  valves have been incorporated j u s t  sho r t ly  downstream of the 
pressure and propel lan t  suppl ies  t o  f u r t h e r  minimi,ze leakage. A s e r i e s  
of two t o  ten-micron f i l t e r s  w i l l  be used throughout t he  AGE and the  
airborne system t o  minimize the  p o s s i b i l i t y  of contaminants r e s t r i c t i n g  
in j ec to r  o r i f i c e s .  Although t h i s  con t ro l  system rep resen t s  a more 
advanced s t a t e -o f - the -a r t  system than Mercury, we f e e l  t h a t  t h e  major 
trouble a reas  experienced by Mercury a r e  being minimized i n  the  Gemini 
design. 

The payload saving achieved by Gemini through 

The system w i l l  be an a l l  

./ 
However, it i s  we l l  known t h a t  hypergolic propel lan ts  a r e  extremely 

tox ic  and must be handled w i t h  g r e a t  care.  A t  t h i s  time, though the re  i s  
not much experience t o  use a s  a guide i n  handling hypergolics, add i t iona l  
experience i s  being gained d a i l y  a s  f o r  example i n  the  Ti tan  I1 and Agena 
programs. 

Checkout 

The t h i r d  and possibly most s i g n i f i c a n t  area of the  appl ica t ion  of 
Mercury experience i s  the one of checkout. 

When the  Mercury program was f i rs t  conceived, primary a t t e n t i o n  
was paid t o  defining a vehicle t h a t  within severe payload cons t r a in t s  
could b e s t  withstand the  e x i t  and r een t ry  heating environments and the  
aerodynamic loads assoc ia ted  with manned e a r t h  o r b i t i n g  missions. 
less a t t en t ion  was paid during design t o  ease of checkout. 
the Mercury spacecraft  d id  not lend i t s e l f  t o  expeditious checkout. 
re t rospec t  w e  now know t h a t  a stronger e f f o r t  should have been exerted 
i n  t h i s  d i rec t ion .  Systems were l i t e r a l l y  p i l e d  on t o p  of systems. 

Much 

I n  
As a r e s u l t ,  
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Needless t o  say, removal and replacement of malfunctioning equipment 
coupled with r eva l ida t ion  of many systems which were d is rupted  t o  g e t  
a t  t he  defec t ive  equipment were a t  times excruciating. 
checkout of t he  Gemini spacecraft  i s  expected t o  b e n e f i t  s i g n i f i c a n t l y  
from the  lessons learned a s  a r e s u l t  of t h i s  Mercury experience. 

As  was pointed out  i n  the  paper by D. M. Corcoran and J. J. 

P r e f l i g h t  

W i l l i a m s ,  r e f .  I, NASA's Manned Spacecraft  Center i s  an advocate of 
a rigorous checkout program. The checkout philosophy i s  t o  develop 
the  highest  poss ib le  degree of confidence i n  the  capab i l i t y  of t he  
spacecraf t  t o  perform i t s  mission by means of a s e r i e s  of thorough 
end t o  end func t iona l  t e s t s  of each of the  systems wi th in  the space- 
c r a f t ,  f i r s t  ind iv idua l ly  and then on an in tegra ted  b a s i s .  This 
philosophy evolved during the  course of Pro jec t  Mercury. This 
philosophy w i l l  be maintained throughout the  Gemini program. Though 
the  Mercury program t o  da te  has been very successful,  the  Mercury 
spacecraft ,  a s  previously s t a t ed ,  i s  very d i f f i c u l t  t o  checkout. It 
i s  recognized t h a t  if Gemini i s  ever t o  achieve a reasonable launch 
schedule, a vehic le  i s  required t h a t  i s  much more amenable t o  pre-  
f l i g h t  checkout. Gemini should provide such a spacecraf t .  Figure 8 
shows th ree  of t he  more s i g n i f i c a n t  f a c t o r s  t h a t  should cont r ibu te  t o  
improved checkout over t h a t  of Mercury. 

The f i rs t  item or? the f igu re  i s  the  modular design concept. This 
has a two-fold implication. The spacecraft  i t s e l f  i s  designed i n  
s t r u c t u r a l  modular form and the  systems within these  s t r u c t u r a l  modules 
a re  modular. This gives the  capab i l i t y  of separating the  spacecraf t  
i n t o  i t s  various s t r u c t u r a l  modules f o r  p a r a l l e l  and concurrent t e s t i n g .  
Modular systems enable the  removal and replacement of subsystems and 
components with a minimum of distdrhance t o  other systems. This could 
not be done i n  Mercury. AGE t e s t  po in t s  enable the  connecting of 
checkout equipment without d i s rupt ing  f l i g h t  connections. This too  
could not be done i n  Mercury. Fabrication q u a l i t y  control,  a problem 
i n  Mercury, i s  being improved by having more r e s i d e n t  q u a l i t y  con t ro l  
engineers and inspectors.  

The checkout plan f o r  t he  Gemini spacecraft  i s  based on manual 
t e s t i n g .  However, one of the  major goals of Gemini i s  t o  develop 
improved checkout techniques. Therefore, a system of automatic check- 
out  i s  being developed which it i s  hoped w i l l  become f u l l y  opera t iona l  
during the  l a t t e r  s tages  of t he  Gemini program. U n t i l  such time, how- 
ever, manual hard l ine  checkout w i l l  be the  primary means of t e s t i n g  the  
spacecraft .  

The use of i d e n t i c a l  checkout procedures and checkout equipment 
i s  being implemented a t  both t h e  McDonnell p l an t  i n  S t .  Louis and a t  
t he  Cape. This w i l l  enable t e s t  personnel t o  b e t t e r  evaluate d i f fe rences  
i n  t es t  r e s u l t s  t h a t  may occur between t e s t s  performed a t  S t .  Louis and 
the  Cape. 
cedures was a source of continuous i r r i t a t i o n  and confusion throughout 
Mercury. 

Needless t o  say, lack of such i d e n t i c a l  equipment and pro- 
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F a c i l i t i e s  within which t o  checkout t he  Mercury spacecraf t  a t  the 
launch s i t e  were woefully inadequate i n  the  e a r l y  phases of Mercury. 
The lack  of proper AGE was also a handicap. These problems, we f e e l ,  
a r e  being circumvented i n  our planning for not only Gemini b u t  fu tu re  
space programs a s  w e l l .  Construction of f a c i l i t i e s  on Merritt I s l and  
i n  support of both Gemini and Apollo has already begun. It i s  not  t o  
be implied t h a t  t he re  w i l l  be no problems i n  t h i s  area; however, 
r e l a t i v e  t o  Mercury, considerably more planning and implementation 
w i l l  be achieved much e a r l i e r  i n  the  program. There w i l l  be an 
Operations and Checkout Building wherein the  master t e s t  s t a t i o n s  w i l l  
be i n s t a l l e d  and wherein most  of t he  modular and in tegra ted  t e s t s  w i l l  
be performed. 
hypergolic and cryogenic systems. New a l t i t u d e  chambers w i l l  be a v a i l -  
ab le  f o r  manned and unmanned simulations i n  a space environment. A 
radar range w i l l  be b u i l t  for radar bores ight  and alignment checks 
and -for performing mated Gemini/Agena RF and func t iona l  compatibil i ty 
t e s t s ,  and so on. I n  a number of instances,  f a c i l i t i e s  f o r  the 
performance of s imi la r  t a s k s  i n  Mercury were not  ava i l ab le  u n t i l  we l l  
a f t e r  the  beginning of the  opera t iona l  phase of t he  program. 

A Liquid Test f a c i l i t y  w i l l  be provided f o r  t e s t i n g  of 

d 
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J Launch Vehicle Integration 

The last area to be discussed which has profited from Mercury 
experience is the area of launch vehicle/spacecraft integration. 
It was apparent early in the Mercury program that the launch vehicle 
and spacecraft must be regarded as a composite vehicle in the critical 
powered portion of the flight. Therefore, compatibility criteria was 
defined early in the program. 
understanding of the structural carry-through loads of the combined 
vehicle was also recognized during the Mercury program. In Gemini, 
therefore, a great deal of emphasis is being placed upon interface 
loads criteria. The influence of cutouts, discontinuities and 
protruberances in the spacecraft is being thoroughly analyzed. Design 
of the forward-skirt portion of the launch vehicle is taking these 
effects into consideration. A combined spacecraft adapter and booster 
forward section test is being conducted so that detailed knowledge of 
resultant stresses are known. 

The need for a thorough study and 

The same detailed attention paid the design, fabrication and 
checkout of the Mercury launch vehicle as outlined in reference 2 
will be paid the Gemini launch vehicle. 
assembly area will be exclusively devoted to the assembly, integra- 
tion, and factory checkout of the launch vehicle; therefore, the 
whole effort at Martin/Baltimore will be directed towards producing 
man-rated vehicles. 

personally visited the General Dynamics/Astronautics plant to inspect 
Mercury procedures. 
monitor the more significant tests conducted at Martin/Baltimore. 
as on Mercury there will be engineering reviews, roll-out inspections 
and acceptance reviews by NASA/SSD and Aerospace. The same concept 
will be applied at the Cape during checkout. 

The Martin/Baltimore 

The weapon system Titan I1 is provided at Martin/ 
li Denver. The technical teams of the Martin/Baltimore plant have 

Teams of NASA/SSD and Aerospace engineers will 
A l s o ,  

Essentially the same management structure is in effect for the 
Gemini launch vehicle as for Mercury. Directly responsible to the 
NASA for the launch vehicle is an Air Force Program Office which has 
the technical assistance of an Aerospace systems office. This AF! 
Aerospace Program Office implements NASA direction to Martin and 
associate contractors. 
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CONCLUSION 

It has been the  purpose of t h i s  paper t o  descritre, without 
ge t t i ng  i n t o  extreme d e t a i l ,  how Mercury experience i s  being appl ied 
t o  Gemini. A few examples have been given t o  demonstrate t he  
appl ica t ion  of t h i s  experience i n  the  areas  of i n t eg ra t ion  of man 
i n t o  the  system, design, checkout and launch vehic le  in tegra t ion .  
The examples presented a re  by no means a l l  inclusive.  
intended pr imari ly  t o  convey the  thinking behind Gemini. There i s  
no question b u t  t h a t  we must take considerable advantage of Mercury 
experience i f  we are  t o  successful ly  achieve t h e  goals of t he  Gemini 
program. Time alone w i l l  show how w e l l  we have done t h e  job. 

They were 
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Figure 1.- Gemini flight program. 
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Figure 6. - Gemini spacecraft ana paraglider 
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Figure 7. - GerLni spacecraft and parachute lafiding systeen. 
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