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When considering corrosion an6 corrosion prevention procedures f o r  
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pace launch vehicles, several factors  must be recognized. In order %o 

- t a i n  as l i g h t  a vehicle as possible, the l igh te r  more act ive metals 
C 

mprise the  major povrtion of the vchicPe. For t h i s  same reason, the  
3-c- 

.?.-- &(trend has been t o  higher and higher strengLh alloys. Generally, these-- % 
high strength alloys have low corrosion resistance. The low factors  of 

safety used during design make even small amounts of corrosion a very. 

serious problem. All  of these factors,  coupled with the increasing 

complexity of space launch vehicles, make the task  of a corrosion engineer 

increasingly important. 

It might be expected tha t  the atmospheric environment t o  which presene- 

day space launch vehicles =e exposed would be corapazatively mild. It is  
.i 

t rue  t h a t  long time exposure at  launch s i t e s ,  such as those experienced 

by mi l i ta ry  missiles, are not normally involved. However, closer examination 

reveals tha t  envi romentd  conditions m e  anything but mild., I am sure 

most of you are aware tliat space launch v6hiches are becoming l w g e r  and 

m r e  comple~: w'izi; c~"tsqy c~ew vehicle system t%a% i s  developede This f a c t  

of ..,Yge s i ze  and increasing co r~9ex i ty  has an important influence on the  

e:. -;-+onments t o  which a space vehicle i s  exposed. MWIY components a re  

: -~cated several y e a s  pr ior  t o  the t h e  they are f i n a l l y  assenibled in to  

,.-:cle ready ?or test ing,  Added f;o t h i s  i s  a period of several months 

_;red f o r  checking out the operation of the  many c o q l e x  vehicle systems, 

-. . ;LC  t es t ing  of the  individual stages, and a f i n a l  checkout ;]rior t o  

shipping t; the  Launch s i t e .  



Another r a t h e r  severe environmental condit ion i s  imposed on ' the  

veh ic le  during t ranspor ta t ion  t o  the  launch s i t e .  Due t o  the  l a rge  s i z e  

of the  vehic le ,  t ranspor ta t ion  i s  by water, f i r s t  'along r i v e r  routes  and 

f i n a l l y  by ocean barge t o  the  launch s i t e .  Then the  launch s i t e  i t s e l f  

presents  an extremely severe atmospheric environment s ince  i t  is  on the  sea  

coast .  Here again, s i z e  and complexity play an important r o l e .  F inal  

aseembly of the indiv idual ,  etngee m u o t  ba done a t  the launch sFt;e, The, 

time required '  t o  do t h i s ,  plus the f i n a l  systems checkout p r i o r  . t o  

launch, r e s u l t  i n  seve ra l  months ,of exposure i n  a  very corros ive  sea  

coast  atmosphere. The t o t a l  of a11 of these operat ions r e s u l t s  i n  
I ,  

environmental exposure condit ions of considerable magnitude. 

Now t a  d iscuss  a few of the protec t ive  treatments which a re  

important i n  combating corrosion,  One of the most important i s  the  

protec t ive  treatment of aluminum s t r u c t u r a l  members. A l l  members a r e  

f i r s t  given a chemical surface  treatment t o  provide a good pa in t  base, 

Then a coa t  o f  z inc  chromate primer i s  applied. This i s  a l l  done on each 

individual  component p r i o r  t o  assembly. Whenever poss ib le ,  r i v e t s  a re  

dipped i n  z inc  chromate pas te  p r i o r  t o  i n s t a l l a t i o n .  Af ter  assembly, 

the  e x t e r i o r  surfaces  a re  coated with an appropriate top coat  of enamel. 

Ex te r io r  surfaces  of the propellant  tanks a r e  t r ea ted  s i m i l a r l y  

except t h a t ,  s ince  welded s t ruc tu res  a r e  involved, surface  treatment and 

painzing i s  done a f t e r  fabr ica t ion .  I n t e r i o r  tank surfaces  may o r  may 

not  be su r face  t r ea ted ,  depending on the  a l loy .  However, c lose  con t ro l  

of the  r e l a t i v e  humidity ins ide  the propel lant  tanks i s  mainrained t o  

f u r t h e r  reduce the  p o s s i b i l i t y  of corrosion i n  these critical areas .  

m e r e  aluminum contac ts  s t a i n l e s s  s t e e l  surfaces ,  the j o i n t  i s  separated 

by a PO m i l  f i lm  of p l a s t i c  tape t o  reduce the p o s s i b i l i t y  of galvanic 

corrosion.  



The most troublesome problems are at areas where paint cannot be 

applied, Anodizing of aluminum is used extensively, particularly on 

valve components, Where dissimilar metals are involved, electroplating 

is used to minimize galvanic corrosion, Cadmium plating with a chromate 

conversion coating is preferred for a11 steel parts which contact 

aluminum surfaces. Preservative oils are used in selected areas but are 

limited due to compatibility problems. Because of compatibility problems, 

as well as other considerations, wide use is made of materials such as 

stainless steel which are inherently corrosion resistant and require no 

additional protective treatment. However, the surface condition of 

stainless,steel is very important. In order for the normal passive 

surface to form, all residues and any foreign metal pick-up from 

fabricating operations must be eliminated by appropriate surface treat- 

men t . 
There are a few problems which have arisen during initial fabrication 

of an advanced space launch vehicle which, 1 think, will serve to 

illustrate the type of corrosion that can occur and show. the evaluation 

necessary to overcome and prevent similar problems. 

In one instance, a failure of a Barge, forged aluminum component 

was found to be due to atress corrosion cracking. The material was 

7079 aluminum, heat treated to the -T6 condition. Several factors were 

found which contributed to this problem. In the first place, aPP 

aluminum alloys of the 7800 series are very susceptible to stress 
-- 

corrosion cracking in the short transverse direction of grain orientation, 

However, the primary cause for this particular failure was an error in 

the processing sequence, During heat treating of any massive component, 

compressive stresses are set up in the outer surfaces of the material. 



This is due t o  the  f a c t  t h a t ,  during quenching, the  outer  surfaces  cool 
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f i r s t .  Then, when the inner port ions cool,  cont rac t ion  tends t o  pu l l  

the outer  surfaces i n  compression and leaves the  inner port-ion i n  

tension. However, i n  order f o r  s t r e s s  corrosion t o  occur, t e n s i l e  
. -- 

s t r e s s e s  must be present on the  outer  surfaces .  The component i n  quest ion 

was forged, p a r t i a l l y  machined and then hea t  t r ea ted .  However, a 

considerable amount of machining was done a f t e r  h e a t  t r ea t ing .  Tnis 

machining was enough t o  remove the  outer ,  compressively s t r e s sed  mate r i a l  

and exposed mater ia l  under tension.  Even though the surfaces  had been 

anodized, these s t r e s s e s  were enough t o  cause s t r e s s  corrosion when the 

component'was exposed t o  r a t h e r  mild atmnspheric condit ions.  Af ter  

determining the  cause of the  problem, a so lu t ion  was f a i r l y  obvious. 

F i r s t ,  forging techniques were a l t e r e d  so  t h a t  g ra in  o r i e n t a t i o n  was a s  

favorable a s  poss ib le .  Most important,  the  major machining operat ion 

was done p r i o r  t o  f i n a l  heat  t r e a t i n g  t o  avoid exposing t e n s i l e  s t r e s s e s  

a t  the  surface .  To fu r the r  insure  t h a t  only compressive s t r e s s e s  were 

exposed, t h e  e n t i r e  outer  surfaces ,  including a l l  d r i l l e d  holes ,  were 
---  

shot  peened. The component was then f i n a l l y  anodized. 

- 
bnother problem, which was a l s o  a r e s u l t  of a combination of 

several  f a c t o r s ,  involved a s t a i n l e s s  steel. component. Xn t h i s  case ,  

corrosion was in te rg ranu la r  and resu l t ed  i n  pinhole leaks  i n  t h i n  walled 

304 s t a i n l e s s  s t e e l  tubing. The primary cause was found t o  be carbide 

p r e c i p i t a t i o n  r e s u l t i n g  from an improper s t r e s s  r e l i e f  treatment. 

Corrosion was thought t o  be caused by the breakdown of trapped residual.  

cleaning so lven t ,  i n  t h i s  case.  t r ichloroethylene  . cor rec t ion  of t h i s  

problem was achieved by f i r s t  reducing the p o s s i b i l i t y  of carbide  

p r e c i p i t a t i o n .  This was done by changing the mater ia l  t o  3842 s t a i n l e s s  



s t e e l  and el imination of the s t r e s s  r e l i e f  treatment. I n  addi t ion ,  the  

cleaning procedures were a l t e red  t o  el iminate a l l  r e s idua l  cleaning 

solutiorls. 

Our experience has indica ted  t h a t  there  a r e  severa l  important 

pr inc ip les  t o  be followed f o r  combating corrosion i n  space Paunch 

vehicles.  F i r s t ,  and most important, corrosion must be considered in 

the i n i t i a l  daaign. Tha proper preventative measurea t o  be applied 

must be considered p r i o r  t o  i n i t i a l  f ab r i ca t ion ,  Platerial s e l e c t i o n  

and protec t ive  treatments must be c a r e f u l l y  chosen by persons thoroughly 

famil iar  with corrosion and i t s  pr inc ip les .  Almost a s  equally important,  

and many times overlooked, i s  the  f a c t  t h a t  f ab r i ca t ing  and processing 

techniques must a l s o  be c a r e f u l l y  examined. Cleaning procedures must be 

cont ro l led  so  t h a t  corrosive residues a r e  eliminated, Beat t r e a t i n g  and 
1 

f ab r i ca t ing  techniques must be analyzed t o  el iminate improper metal lurgfca5 

condit ions,  Maintenance procedures must be s e t  up t o  cont ro l  and 

el iminate harmful res idues  which m8gBat r e s u l t  from the  asaembly and 

checkout operat ions,  Pn other  words, not only must the  design be 

examined f o r  proper mater ia ls  and protec t ive  treatments,  but  f a b r i c a t i o n  

techniques and assembly operat ions must a l s o  be evaluated t o  prevent 

condit ions from occurring which may be conducive t o  corrosion.  

As with almost every o ther  phase of space veh ic le  design, the  

corrosion problems of the fu tu re  seem t o  be i n i t i a l l y  one of s i z e .  

Already, problems of surface t r e a t i n g  Barge complex components a re  

apparent. Dangers from entrapment of cleaning f l u i d s  i n  la rge  complicated 

components a r e  becoming more and more prevalent. I n  order  to avoid some 

of these dangers, compromises have to  be made with surface  t r e a t i n g  
8.. 

procedures. The use sf Barge components made s f  high s t r eng th ,  h e a t  
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treatable alloys will increase the probability of stress corrosion 

cracking. Welding of thick aluminum sections, besides being a problem 

in itself, will also induce stresses in the surrounding material which 

may create additional stress corrosion problems. 

Another factor which will have a major impact on the future 

requirements for corrosion protection of space launch vehic1es.i~ the 

development of recoverable stages. Sea water recovery hne probably 

received the most consideration to date. This method will certainly 

impose exacting requirements on the protective treatments and the 

maintenance and reclamation procedures necessary for corrosion protection. 

Because of the anticipated corrosion problems connected with sea water 

recovery, studies have been made of other methods for recovery. Even 

when considering the most favorable method of recovery, the longer 

exposure times wKich are involved will make corrosion protection and 

maintenance more and more important in the design of space launch 

vehicles of the future. This not only means closer attention to 

protective treatments, but also a better understanding of the factors 

influencing corrosion of huge, complicated components made of high 

strength alldyse 
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