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MatcxiaZs i n ~ c E x y , I  orat %on 1, 1 

a t  i s  a pleasure t o  have the opportunity t o  speak t o  t h i s  sesoian 

of the KACI3 Conference and t o  t e l l  you someehing about the work being done 

at the MSFG and by assocsated contrsfct~rs Eor the Saturn-Apollo spaElce 

vehicle program. Although my subject i s  ra ther  encompassing, X would l ike  

t o  s e t  the stage f o r  my remarks t h i s  morning by considering tha t  manned 

planetary. t rave l  i s  a l i t t l e  fur ther  in to  the future than the planned 

lunar landing, the major mission that  has been assigned t o  NASA. Therefore, 

my remarks w i l l  center largely around t h i s  par t icular  mission and the 

vehicles and associated materials and hardware tha t  w i l l  be used t o  

accamplish t h i s  mission. 

It 2s very doubtful i f  any monmntal  breakthrough i n  materials 

ethnology wf l l  occur within Che t ime  frcsme a l lo t ted  f o r  the Apollo mdon 

mission and even less  l ike ly  that  it would be of any use i n  such a, short  

time period. So, we're going t o  have t o  use what we have i n  most cases. 

W e  are ce~ea$n,  however, that th%s m%sslon w i l l  r e su l t  an consrtderable 

advances S,n materEerZs technology tha t  w l l l  be of gxeat: beneflt do f u n r e  

planetary t rave ls  and certainly t o  b r f c a n  &ndustsy as a whole. Bkay of 

you are very f d l i a r  with the history ~f large space launch vehicles, but 

X would l ike  t o  review br ie f ly  the past,  with respect t o  major s t ruc tura l  

a l loy use, from Redstone t o  Saturn. The Redstone seemed t o  be very large i n  

i ts  day, but now it i s  somewhat dwarfed by Saturn V. 

This s l ide  compares the s ize of several vehicles that  have been 
S L  m.E 
B-6-103-63 developed under the Yfrshall Space Flight Center. The f i rs t :  stage of 
6 4  1 K35 

Saturn I consists of a c lus te r  of nine tanks, a l l  made from 5456-W343 



alumin-; e i g h t  tanks of the  Redstone d d a e c r  aur~otbndf.n.g one J-uysZter 

s i z e  tank, Four ex te rna l  tanks plus the  center  tank hold l i q u i d  oxygen, 

and the  o the r  f o u r  outside tanks a r e  f o r  KT?-1 f u e l ,  s i m i l a r  t o  kerosene. 

The Saturn X used e ight  H-1 enpines wle3-i a t o t a l  f h m o t  s f  S,SQO,OQQ pounds. 

develops 90,000 pounds of t h m s t  with s2x R&-XQ engines. The S-XI? i s  

22 f e e t  i n  dimnetex, 60 f e e t  long and is  constaxeted of 2024-'24 a f d n m ,  

The Saturn I has been f i r e d  successful ly  10 times and has been used eo place 

t h e  t h r e e  Pegasus meteori te  s a t e l l i t e s  i n t o  o r b i t .  The last: Saturn I was 

f i r e d  i n  J u l y  of t h i s  yea r  wi th  a 10 f o r  10 success f o r  the  vehic le ,  

SLIDE The Saturn 1B i s  an uprated Saturn I being now assembled i n  t h i s  area 
i%;1- 123 

b ~ ) l b z ~ ~ \  by Chrysler.  Soine weight reductions have been made and dhe H - l  engines 

uprated fram 198,000 pounds t o  200,000 pounds t h r u s t  each. The second 

s tage  i s  the  DAC S-NB,  with one J-2 engine of 200,000 pounds t h r u s t .  

This  veh ic le  w i l l  be f i r e d  sametime e a r l y  i n  1966 and w i l l  be used f o r  

p r a c t i c i n g  many maneuvers rtn space t h a t  w i l l  be necessary f o r  the l a t e r  

moon f1igh.t with the Saturn V. 

LXDE The Saturn V cons i s t s  of three  s tages  and has a capabifiey of  a l l o w b g  
-PXO /lez 
(PyLbbcj manned lunar  missions i n  one flight. The f i r s t  s tage  is  b o r n  a s  tile S-IC 

and wil l  be very familiar t o  the Baeing repz.~loentat%v~s preser;",hcrc 

today. 3Ttlf.s s tage  &s approx2mtely 238 f e e t  long axad 33 f e e t  i n  d i w t a r .  

It weighs abaat 280,000 pounds empty and 4,400,000 pounds loaded wi th  liqrxfd 

oxygen and RP-1. The f i v e  engines, designated a s  F-1 engines,Bach develop 

1.5 M pounds of t h r u s t  f o r  a t o t a l  of 7.5 M pounds of 21hrust. The major 

strucfxral  a l l o y  i s  2219-T87 a l  



SL :. The second stage i s  k n m  as the S-TX made by S&m, BAA, and measures 
M*: 
kc[ "J about 82 f e e t  Long and 33 f e e t  %n diameter and has f ive  3-2 engines, t o t a l % w  

1.OM pounds of thrust .  This stage I s  fabricated from 2014-T6 aluminum, 

$LHX,P ~h&a:Sa etage agafaa ;be the S-XVB ChaC wfll be used also on Ehca $*XB, 
M*HS-.G 
13162 having one 200,000 pound J-2 engine. On top of these stages i s  th brains 
Q9 r b3& 

of the vehicle,  the 5nsCmmnt sectf  on, and the payload, tke Apollo capsule a 

f o r  a t o t a l  height of about 350 fee t .  To date,  each af the stages has been 

s t a t i c  f i r e d ,  but no mtSng has ye-t taken place, arad,no fl2ghr o f  any has 

been m d e .  

This  next slide 1s n more detai led view of P:he S-IC. The sk5n of the 

vehicle i s  a l so  the propellant tank wall. This stage has separate bulkheads 

f o r  the m o  propellant tanks instead of a common bullchead. This is  an a l l  

welded assembly. 

The f u e l  tank assembly i s  shown i n  t h i s  s l ide .  The transverse section 

shows the in tegra l  skin - s t r inger  designs wkLch are  made from two inch 

thick p la te  and mechanically milled. 

The Apollo spacecraft ,  a s  shown i n  t h i s  diagram, consists of several  

u n i t s  with a t o t a l  fueled w t .  of about 90,000 pounds. It i s  approximately 

80 f e e t  t a l l  and 13 f e e t  i n  diameter and consists of a Lunar Excursion Module, 

a Service Module, and a Command Module f o r  a three man crew and a launch 

escape system, 

= D E  1 would l i ke  t o  now review b r i e f ly  the major s t ruc tu ra l  al loys being 
:I-237 b519ClS 
-951-1956 u s e d i n t h e v e f i i c l e s I h a v e  jusCdescribed. This c h a r t r e p r e s e n t s b o t h a  
xcas  



leszmhg curva as f a r  as manufacturing tr?chn&ques ax- ~ o n ~ e ~ d  and a 

develogment c a w  f o r  high strength a l d n m  alloys. Both pamnt :;aZLal 

mechanical prgperties and weld properties have shown considerable increase 

i n  the l a s t  decade. Ae the  t h e  of the Redatom &soil@, 5052 a 2 d f i m  

al loy was the most accepted weldable alloy considered Eor such structures.  
. , 

The newer and higher strength alloy, 5086, became available abouX: khat: tZn~e, 

and t h i s  material was used i n  the Jupi te r  C missile i n  section thicknesses 

up t o  approximately 3 / 4  of an inch. This same material was also used i n  the 

Jupi te r ,  although 5456 alloy was considered f o r  a l a t e  model of the Jupi te r  

which was never bui l t .  The 5456 alloy i n  the 11343 tenrper, however, Z s  used 

i n  the f i r s t  stage of Saturn I and IB .  Several years ago, 2014 was con- 

s2dered pract ical ly  unweldable; however, new techniques i n  welding have 

provided the opportunity t o  use t h i s  high strength alloy i n  the as-welded 

condition i n  very large structures.  2014-T6 i s  used i n  the second stage of 

'. 
\ Saturn I: and a lso  i n  the second and third stages of Saturn V. I n  the f i r s t  

stage of Saturn V ,  however, the section thicknesses of one-half inch or  more 

caused us t o  se lec t  2219 with a s l ight ly  lower strength than 2014 f o r  t h i s  * 

structure.  We encounter less  welding problems in 2213 than i n  2014 i n  these 

very thick sections. The 2219 alloy was, as you knaw, developed i n i t i a l l y  

f o r  high temperaeure service,  but ear ly t e s t s  a t  Marshall indicated the 

s u i t a b i l i t y  of t h i s  material  a l so  f v r  l o w  temperature applications such as $ 

cryogenic propellants. The 7000 ser ies  alloys have been used t o  a large 

extent  i n  unpressazd-zed - areas where no welding is  required and fastening can 



bo done mecl1nn~ca2ly, such as tlre A ~ ~ t c r s t n p  area b e b r c n  tanka, far 

SLIDE 
64-166s 

V+bb.5 

caaal ;n  forggngs and Eietings,  a i d  f a r  the anti-slash baffling Znsidc 

the  propellant  tanks. Although we consider alwnrrm as  tile major sPruc2ural 

a l loy In  ehese st18~3[3, t h i s  next s l fde  shaws ehae ehere a re  nany s t l ~ a r  mtefiiala 

i n  one of these vehicles. These are  the  materials  used i n  the Saturn V 

vehicle.  
I 

Let us take a look a t  the  rocket engines i n  use o r  being developed f o r  
\ 

.\ 
the  Saturn vehicles-.- There are two families of engines shown here; both the 

N-1 and the  F-1 bum kerosene type f u e l  and l iquid  oxygen, deve1opPng 

188,000 and 1.5 mi l l ion  pounds of th rus t  respectively. The RL-10 and J-2 

engines burn l iquid  hydrogen and l iquid  oxygen. The next s l i d e  shows an 

overa l l  view of the F-1 engine. The th rus t  chamber on t h i s  engine, as  are  

those on the  other  engines shown, i s  the regeneratively cooled type; t ha t  is ,  

the  chamber i s  made up of many small diameter tubes through which the f u e l  passes 

before it en te rs  the In jec tor  through a c on manifold. Thus, the chamber 

wal l s  are cooled t o  prevent melting by the extremely high heat  produced i n  

the combustion zone, and the fue l  i s  preheated before passing i n t o  the 

c h m h r ,  I n  the case of the F-1, chest; tubes are  made of fnconel X with about 

20 thousandths of an inch nominal wall  thickness and I i r ~ s h  i n  dianeter  ar the 

e x i t  end. They are brazed together i n  a hydrogen amosphere furnace using 

an Ag-Pd-En (75-20-5) braze aZlog f o r  the prZmam braze cycle and a secondary 
\ 

braze cycle using Wloro (85-Au-15-Ni). ,Needless t o  say, several  pounds 05 
\ 

precious metals are  used i n  each of these th rus t  chambers. The chambers 



in the early 14-3 engines were pure nickel snd were hand brazed, bat the 

later ones use 341 stainless @tea+ and are furnace brazed. The a - l O  and 

5-2 engines.also use 347 stainless steel; most of them being brazed with 
', 
\ 

silver solder bf-from 90 to 100% silver. Many high temperature alloys, as 
*LA I * . *  

well as low temperature alloys, are uaed in these engines. With liquid 

oxygen at -32Q0F and liquid hydrogen at -023'F corning In at one end and a 

flame of 50Q0°P plus coming out the other, the thermal stresses existing 

during firing are quite severe, and these are coupled with large shock 

szresses and thrust loads. Materials such as Rene' 41, Haynes Stellire, 

the Hastelloys, Inconel, and stainless steels are used extensiveiy in 

high temperature areas, such as for gas generators, heat exchangers, 

.LIDE turbines, thrust chambers, exhaust ducts, etc. This next slide shows 
M-126 
-1' ' "i what one might find in a typical rocket engine with respect to relative 

amounts of materials. 

After this review of past and present usage of materials in the 

space vehicles, let's take a brief look now at some of the more recent 

developments in materials that have resulted from aerospace research and 
\ 

developments or advanced technology ?hat offers con~iderab~e promise in 

such structures. The Marshall Space ~,li~ht Center, in the belief that 

useful alloys can be developed having higher strength and better weldability 

than is now attainable and having strong convictions that a material should be 

tailored for the use made of it, is sponsoring a program at Alcoa to develop 

an aluzlinum alloy with a tensile strength of 75,000 psi, a yield strength of 



65,000 p s t ,  10% e l o n q : ~ ~ - l n n ,  and notched to zlt~no'ichtd rnt . i o  of  1.0 :it 

room ternpernturc- and 0.9 a t  -423OF. Two ve ry  a t t r a c t i v e  a l l o y s  have 

r e s u l t e d  from tl-ris program t o  da t e  and a r e  clcsignatcd a s  X2021, w h i c l r  

i s  an  aluminum copper a l l o y ,  and X7007, an  aluminum-zinc-magnesium 

G Z D E  a l l o y .  The next  s l i d e  shows t h a t  t he  X2021 differs Lrotn 2219 p r imar i l y  
'229 
~s lqd? 

\ 

by t h e  a d d i t i o n  of cadmium and t i n  and t h a t  X7007 i s  a mod i f i ca t i on  of 
\ 

t h e  X7106, wit11 r e spec t  t o  conten t  o f ' coppe r ,  magnesium, and zinc.  Tine 

: Lx DE next  s l i d e  compares t he  mechanical p r o p e r t i e s  of t he se  a l l o y s  wi th  
'1240 

h ~ i  q ~ 5  e s t a b l i s h e d  goa ls  and wi th  s e v e r a l  o t h e r  commercial a l l o y s .  It appears  

t h a t  t he se  a l l o y s  w i l l  meet our  s t r e n g t h  and toughness c r i t e r i a .  Weld- 

a b i l i t y  t e s t s  and stress co r ros ion  t e s t s ,  a l though encouraging, a r e  

inconc lus ive  a t  t h i s  time. Other than these  ve ry  h igh  s t r e n g t h  a l l o y s ,  

t h e  new 7000 s e r i e s  a l l o y s ,  such a s  7139, 7002, and 7106 look ve ry  promising 

f o r  a v a r i e t y  of s t r u c t u r a l  a p p l i c a t i o n s .  The Alcoa 7106 and t h e  Ka i se r  

7039 o r  7139 and t h e  Reynoids 7002 m a t e r i a l s  have favorab le  low temperature  

p r o p e r t i e s .  They a r e  weldable and have b e t t e r  genera l  co r ros ion  r e s i s t a n c e  

t han  t h e  2000 s e r i e s  a l l o y s .  Although t h e  paren t  metal  s t r e n g t h  i s  somewhat 

lower t han  i n  t h e  2000 s e r i e s ,  t h e  as-welded s t r e n g t h  i s  supe r io r .  

Many aluminum c a s t i n g s  have been used i n  t h e  Sa turn  v e h i c l e s ,  and 

o t h e r  c a s t i n g s  could be used i f  b e t t e r  a l l o y s  were a v a i l a b l e .  I n  a c o n t r a c t  

w i t h  B a t t e l l c  Memorial I n s t i t u t e ,  inc lud ing  cons iderab le  in-house e v a l u a t i o n  

a t  NSFC, we have developed a h e a t  t r e a t a b l e  aluminum c a s t i n g  a l l o y  of ve ry  

h igh  s t r e n g t h  and toughness a t  cryogenic  temperatures.  I n  t h i s  nex t  s l i d e ,  

t h e  chemical composition of t h i s  a l l o y  which has  been des igna ted  M-45 i s  
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compared wrth several' o ther  high s t rength  aluminum cas t ing  a l loys .  The 

a l l o y  i a  very similar t o  the  c o m a r c i a l  195 a l l o y  buf is  d i f f e r a n t  with 

r e spec t  t o  cadmium, s i l i c o n ,  and i r o n  contents.  The a l l o y  is  based on a 

hLgh purfty baee alloy, I n  the  nexr e l i d e ,  rha mechanical properties sf 

-TB temper of the  a l l o y  a r e  compared with those of o ther  aluminum casclng a l l o y s .  

The a l l a y  i s  a l s o  comparable to 195 i n  cae tabf l l ty .  It can be welded t o  

i t s e l f  and ro wrought aluminum a l l o y s  such as 2219. Some very recent  

Saturn  conf igura t ion  cas t ings  made from t h i s  a l l o y  have had uleimate 

t e n s i l e  s t rengrhs  of 59 k s i ,  y i e ld  s t rengths  of 52 k s i ,  and elongation of 

3 percent .  The next s l i d e  shows a recent  cas t ing  made from t h i s  a l l o y  

which i s  a r a t h e r  complex cas t ing  and ye t  was of very high q u a l i t y  with 

r e spec t  t o  radiographic soundness. Dif ferent  heat  t reatments have yielded 

even higher s t rengths  than those I j u s t  reported; however, it has been 

found t h a t  the  s t r e s s  corrosion res i s t ance  of the  a l l o y  i s  decreased 

considerably with the  higher s t r eng th  heat  treatments t h a t  have been 

developed so  f a r .  The mater ia l  i s  not ye t  adver t i sed  commercially, but 

it can be obtained from ingot  suppl iers  on spec ia l  orders .  

Titanium a l l o y s  have been used t o  a l imi ted  extent  f o r  cryogenic 

tankage, but  the higher s t r eng th  a l l o y s  do not have s u f f i c i e n t  toughness 

a t  cryogenic ceaperatures,  and even i n  the  alpha a l l o y s  the i n t e r s t i t i a l  

content  must be maintained a t  a f a i r l y  low leve l  t o  give adequate toughness, 

and t h i s  r e s u l t s  i n  a corresponding reduction i n  s t rength .  Titanium is  

much too  r e a c t i v e  with l i q u i d  oxygen t o  use where there  i s  danger of a 

l o c a l  i g n i t i o n  source. Also, t o  use t i tanium i n  the  l i q u i d  oxygen 



container, especially in thin sections in a situation whore there is a 

possibility of puncture or any sudden application of energy, constitutes 

an extreme hazard. Titanium will see, however, increased use in aclvanced 

aerospace ecrucfures, passibly in fual  c~nerinsr structuree and g~nerr2 

Many applications have already been made of the magnesium-lithium 

. alloys which are the lightest structural metals commercially available, 

Battelle has developed for us two alloys, LA-142 and LAZ-933, which are 

SLIDE compared in this next slide. Mechanical properties are shown in this next . 
,1210 &slay/ 
A208 slide. Our initial interest was for structures in a space environment 

bSra?=2 
where corrosion would not be a problem; however, these alloys are now 

being used for a variety of applications in the earth environment. The 
f 

Saturn V Instrument Unit uses about 70 pounds of LA-141, and many military i 

missiles and other space vehicles use a considerable amount of magnesium- 

lithium in certain applications. It is probable that even greater use 

will be made of these light-weight alloys, particularly if somewhat higher 

strength can be attained and better coatings are developed. 

Beryllium is presently used in the inertial guidance system of the 

Saturn V, approximately 165 pounds per vehicle. These are gyroscopic 

parts which are extremely accurate dimensionally, and the parts must be 

capable of being polished to very high surface finishes of four micro- 

d inches or better and be extremely free from corrosion. The properties of 

:>I DZ beryllium as shown in this slide make it an excellent material for this 
i-247 



application. Several other applications far berylliw~n have been 

considered, primarily in general structural components, bug none have 

been implemented yet, primarily because of the extreme brittleness of 

the material. A somewhat more attractive material for structural 

applications is the recently developed beryllium-aluminum composite 

containing 20 to 40 percent aluminum. This material has a much better 

capability of being fabricated by various means and i s  becoming 

available comercially. 

A class of material with perhaps more potential currently than any 

other for aerospace structures is composite materials. The application 

of sandwich composite materials in missiles and rocket systems are not 

as many as in aircraft.structures; however, this situation is changing 

as we learn more about using these materials efficiently. The next 

LIDL slide shows some major applications of sandwich materials in Saturn V. 
66-1 3 
k$T& b As you can see, there is a rather wide application because this type of 

material can be tailored to utilize the most favorable properties of 

each element of the composite. Notice first the heat shield of the S-TC 

stage of Saturn V which protects the tail of the vehicle from radiative 

>I DE and convective heat loads from the rocket exhaust pluae. This is a 
-229 
t d ~ l b 8  stainless steel honeycomb filled with an insulating material. 

The heat shield on the S-11 stage is also a composite structure 

consisting of two layers of fiberglass honeycomb and filled with a resin 
'\ 

plus microballo'sns, - 

The S-IVB stage and the S-I1 stage, second and third stages, respectively, 

of Saturn V, each have two major applications of sandwich materials that 
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f w i l l  diecuss l>r iaf ly ,  These are the  common b~.zllcheads separating 

the Ifquid hydrogen and the liqutd oxygen and a l s o  the insulaefan  of 

the  l i q u i d  hydrogen tanks. The appl ica t ions  d i f f e r  s l i g h t l y  between 

t h e  veh lc les  but are genera l ly  the  same. Tn this next e l i d e ,  a cutaway 

of the  S-IT s tage  shows both of these appl ica t ions .  The f i b e r g l a s s  phenolic 

honeycomb core i n  the  common bulkhead i s  about 4" th ick  over most of t h e  

bulkhead with a c e l l  s i z e  of about 3/16 of an inch. It i s  bonded t o  the  

aluminum faces  by means of high temperature a d h e s i w  WT 424, Aluminum 

faces ,  which a r e  2014-T6, a r e  made of welded gore segments. T h i s  bulkhead 

i s  about 33 f e e t  i n  diameter. 

A recent  i n s u l a t i o n  development a t  the  Marshall Space F l i g h t  Center 

i s  a double s e a l  insu la t ion  concept which was developed t o  i n s u l a t e  t h e  

l i q u i d  hydrogen s tage  of the  S-TI s tage.  This composite cons i s t s  of a 

l aye r  of Mylar honeycomb ~ i t h  a Kylar f i lm bonded t o  one s i d e  and aluminum 

f o i l  bonded t o  the  o ther  so t h a t  each c e l l  of the  honeycomb i s  sea led  a s  

i s  shown i n  the  next s l i d e .  To t h i s  l aye r  i s  bnded a perfora ted  phenolic 

f i b e r g l a s s  honeycomb core and f i n a l l y  aluminum f i lm i s  bonded t o  the  
I 

e x t e r i o r .  The complete composite is  bonded t o  the  tank wall .  The l i q u i d  

hydrogen evacuates the  sea led  c e l l s  of Mylar honeycomb by cryopumping 
.\ . - - 

which i s  condensing and so l id i fy ing  and thus provides the  insu la t ion .  

The e x t e r n a l  l aye r  i s  designed t o  s tand temperatures up t o  425OF which may 

be encountered i n  aerodynamic heat ing a s  the  veh ic le  passes through the  

atmosphere. By being perfora ted ,  it can be purged with helium t o  p ro tec t  



the Mylar care from c ~ n d e n a e d  oxygen w l i h  wh'rch It would be incompatible, 

The thermal gradient across this material may be more than 80Q°F. 

Another recent and significant development in composite materials 

i~ ~Rae  of brazed aluarinuda honayeorab matariaa. Xn w ~onfracr with 

Aaronca, sponsored by NSFC, some honeycomb composites 02 ehe new 70QQ 
'. 
\ 

series alloys have been made wherein they were solution treated and 

quenched from the brazing temperature with exceptionally high strength for 

this type of structure. A small section of such a structure is shown in 

this slide. 

Another type of composite material in which we have great interest 

currently is metal fiber or wire reinforced aluminum and/or aluminum 
1 

castings. Harvey Aluminum, underi contract to Marshall Space Flight 

Center, is working currently on a wire reinforced 5000 series aluminum 
\\ '. 

;LIT plate in the manner-shown here similar to the reinforced concrete 
255 
6 5173(ir concept by using high strength NS 500 steel wires with about 25 percent 

density to produce tensile strengths on the order of 170,000 psi without 

too great a sacrifice in overall density. In another contract with MSFC, 

North American Aviation is exploring the potential use of a variety of 

composite concepts with combinations of aluminum sheet, fiberglass cores, 

titanium, aluminum reinforced with steel wires, and various other materials 

chat may be suieable for liquid oxygen tankage, fuel rankage, and general 

structural applications for aerospace hardware. One big problem in using 

composite materials concerns the joining of these materials for pressure 

type vessels. To weld such a system would require considerable ingenuity; 



however, there ia a variety of joining techniques that can be 

expl~red and chat may be suitable far joining composite materials. 

I have mentioned a few of the many materials developments related 

co tka aerospace indunfry, parr%cularly fhasa fhae I am faafliar with, 

There are many, many more, of course, in both metals and non-metals, 

but roo, there are still requirements for new advances. Our ever 

increasing knowledge of the space environment continues to dictate 

specific material property requiremepts and several forthcoming NASA 

space experiments are designed specifically to study in detail certain 
\ 

materials characteristics in the spac,e environment. 

What are some of the materials problems on current and past vehicles 

that will dictate certain improvements for the future? I cannot begin to 

discuss these in detail this morning, but perhaps refer to them in 

general terms. Our quest for lighter weight structures and associated 

high strength-to-weight ratio materials often results in the selection of 

materials having less than desirable ductility or toughness. Consequently, 

a slight mistake in processing or in design can often make a difference in 

failure or success of a component. Fortunately, most errors of this sart 

are quickly identified in qualification tests. Unfortunately, this is not 

qu i r e  true of failures due to corrosion, and specifically, stress corrosion, 

Thfs slide shows, in general, the conditions attributing to stress corros%on 
> 

bLj 7 LJ? a 7 cracking. Stress corrosion failures cannot be predicted, currently, to the 

point that the materials engineer can relax in this respect. There are 



many things that can be clone, however, to mdninaze the danger of 

stress corsosion failures, and some of these ara listed on this next 

slide. I might point out, at this pd+nt, that in the Saturn I 
! 

vehicle program, two firing echedule delays were caused by srrasa 

corrosion failures; one in AM-355 stainless steel fittings and the 

other 'in 7079-T6 aluminum forgings. In the case of the stainless 

steel, a slight change in heat treatment solved the problem; in the 

aluminum, a complete alioy change was made to 7075-q73. As a result 

of these two failures, the Marshall Center instituted a thorough review 

of materials in Saturn components that were known to be somewhat 

susceptible to stress corrosion. Also, several research programs were 

initiated to attempt to develop new alloys or tempers of alloys more 

resistant to stress corrosion and to study the more fundamental aspects 

of the mechanism of stress corrosion cracking. It is hopeful that this 

work will lead to a better understanding of this problem and consequently 

to stress corrosion resistant materials for the future. 

In addition to flight type hardware and associated space environments,' 

some of the biggest problems confronting Che materials engineers are found 

in ground support equipment, Due to the usual proximity of launch support 

equipment to seacoast anvfronments, corrosion pzotestive measures have 

received a great deal of attention. We are constantly working on improvement 

of both organic and inorganic coatings, platings, and corrosion resistant 

materials. Some of the critical high pressure systems necessary have 

dictated the use of higher strength materials than are conventionally used 
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in general structural applications, and such high stren~th materials 

give rioe to both general and stress corrosion prablemo. It is 

extremely important that ground equipment be reliable, and with the 

advent of inssea&Jn$ly complex eposs vahiclss, fheea systems must 

necassarily be of more complex design also. Addielonally, wa are 

concerned, in many instances, with extremely large structuxes such as the 

big Saturn V crawler, shown in this slide. A mobile vehicle of this 

size begins to challenge the state-of-the-art in many respects. For 

instance, some of you may recall the recent publicity concerning the 

failure of anti-friction roller bearings in this crawler. 

In conclusion, I want to emphasize the importance of developing 

SLIDE materials sophistication, so to speak, particularly in the field of 
'4-249 

LF ",gY rocketry. Our metallurgists need to tailor the material for the 

application, not compromise the requirement for what is readily available. 

This is not merely wishful thinking; there are many cases to show that the 

research dollars spent have paid big dividends in increased reliability, 

performance, and longer life materials in specific applications. 

Not considering the need for a large number of specialty materials, 

SLIDE X have sumarized on th i s  lasr slide some of the demands for metals for 

aerospace arructures. We need materials with hfghar strength-roeweight 

ratios, gained either by the use of higher strength light metal alloys 

such as aluminum, magnesium, beryllium, or titanium, or by reducing the 

density of the higher strength alloys through combinations into composite 



structures. Bigher strength aluminum alloys are needed that are 

weldable, c ~ r a ~ e i ~ n  ~estsfant, and hava goad low texgparoeura toughnass. 

Ductile beryllium alloys, beryllium-aluminum combinations, and beryllium 

compositea may have applications. Strengthening techniques, suck as 

wire or fiber reinforcement of both wrought materials and castings will 

find some requirements. And last, high quality general structural 

aluminum and steel are needed for large ground support equipment. 

In the particular interests of you who are here.today, and of 

primary importance to us, are the requirements for improved protection 

methods for all .of these materials. A great deal of work is needed in 

this area. I think we need to make a strong effort to convince everyone 

concerned that we can't solve all of our corrosion problems with buckets 

of paint alone. 




